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PERFORMANCE 



gives you highest overall sound recording quality 

• ••at no extra cost 



« I ifl inAn^m been designed, formulated and 
perfected to meet the most exacting requirements for 
modern, professional sound recording. Its mechanical 
and magnetic properties are carefully balanced to 
assure optimum overall performance in your record- 
ing machines. 

Output, frequency response, noise level and distor- 
tion are correctly proportioned for the most satisfac- 
tory end result — with no compromise on quality 
anywhere along the line. 

Perfected manufacturing techniques and high pro- 
duction volume enable this premium-quality tape to 
be offered to you at no increase in price. 

Here are some of Audiotape's extra-value features: 
More Uniform Frequency Response - Audiotape's out- 
put does not tend to fall off at the higher frequencies. 
Response remains excellent throughout the com- 
plete range of audible sound, requiring no special 
equalization. 

low Noise level —Extremely uniform dispersion of 
magnetic particles results in exceptionally low noise 
level — completely free from troublesome ticks and 
pops. Overall signal-to-noise ratio is entirely com- 
parable to that obtainable with average production 
of any premium price tape on the market. 

low Distortion — Highest quality magnetic oxide, in a 
coating of precisely controlled uniform thickness, 
results in exceptionally low distortion over a wide 
range of bias settings. 



Maximum Uniformity — All 7" and 10" reels of plastic 
base Audiotape are guaranteed to have an output 
uniformity within the reel of db or better — and 
a rccl-to-reel variation of less than ± 'A db. What's 
more, there's an actual output curve in every 5-reel 
package to prove it. 

Complete Interchangeabillty — Since Audiotape re- 
quires no special equalization adjustments. Audio- 
tape recordings can be interchanged freely between 
radio stations and studios — played back perfectly 
on any machine. 

Highest Coating Adhesion -keeps the magnetic oxide 
coating from rubbing or flaking off. No danger of 
fouling heads and guides. 

Guaranteed Splice-Free — Plastic base Audiotape, in 
both 1200 and 2500 ft reels, is positively guaranteed 
to be free from splices. 

low-Tension Reel Design - with 2%" hub now stand- 
ard for all 1200 foot, 7" reels. By eliminating the high 
tension zone encountered at smaller hub diameters, 
this reel assures more accurate timing, more constant 
pitch, slower maximum reel speeds and reduced 
wear on heads and tape. 

COMl'ARE ALimOTAPK in an end-to-end run 
with any other sound recording tape available. Com- 
pare the 2)rices, too. You'll find that Audiotape speaks 
for itself — in performa?ice and in cost.' 



AUDIO DEVICES, Inc. 

444 Madison Avenue, New York 22, N.Y. 
Export Dept.: 13 East 40th St., New Yoik 16, N.Y, Cables "ARLAB" 
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In this illustration we symbolize the binding relatioiisliip which links artistry and 
science in the world of Audio. In no other branch of electronics is the success 
of scientific achievement measured so thoroughly by tlie ability to inter- 
pret aethestic values of com])Osition and performance. There is no 
better example of sucli intermingling of practical science and 
creative thinking than Pickering & Co., all of whose prod- 
ucts are designed for reproduction of lecortled sound 
in the finest sense, and to whom we are grateful 
for the preparation of this expressive audio 
montage. 
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$5.00 for 2 j-ears; elsewhere S4.00 per year. Sincle copies 35c. Printed In U. S. A. All rights reserved. Entire coiitenU 
copyright 1053 by Radio Slagazlnes, Inc. Entered a.s Second Cla.ss Matter February 9, 1950, at the Post Otlice, Lan- 
caster, Pa. under the Art of March 3, 18/9. 



LISTEN! 




TRIAD "HS" Series Output Transformers 
represent the application of the most modern 
techniques In the design of fine audio 
equipment. Use of the very best core materials, 
combined with Interleaved coll structures, 
have resulted in an open circuit Inductance 
to leakage Inductance ratio of lO.OOOj 
representing a frequency response range of 
better than 13 octaves. 
These transformers v»lll 
deliver full rated pov»er 
output v»ithln 1 db. from 
7-50000 cycles. Hermeti- 
cally sealed. "Cllmatite" 
treated. Listed below 
are outputs devel- 
oped especially for 
Williamson type circuit. 
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Triad also offers a group of low-cost high level 
outputs, second only In performance to Triad's 
famous "HS" Series. These transformers have a 
frequency response 
linear within 1 db. from 
15-45000 cycles. May 
be used with feedback 
loops employing as high 
as 30 db. of negative 
feedback. Specifica- 
tions and frequency 
response curve on the 
S-148A, for Williamson 
type circuit, Is shown. 
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Write for Cataloq TR-53F 




AUDIO ENGINEERING 



JUNE, 1953 



www.americanradiohistorv.com 





LEAK POINT ONE 

AMPLIFIER 

WITH NEW 

VARI-SLOPE 

PRE-AMPLIFIER 



DISTORTION CERTIFIED TD BE NO MORE THAN 0.1% 
"requencif RespofKe 20-20.000 cycres. ± 0.1 db. 
Intermodulation Distortion 0.4%, 40 and 7000 c.p.s. 
Only $192.00 net for amplifier and pre-ampllfier! 



Audibly better 
Listen and 
compare! 

exceptional 
performance 
and reliability. 
Remote control 
Vari-Slope 
Pre-Amplifier 
sets the pattern 
for future 
high-fidelity 
amplifiers. 
A unique feed- 
back circuit 
development . . . 
No inductors 
(chokes) are 
used . . . their 
disadvantages 
are complelely 
eliminated. 
New compen. 
sated settings 
for all types 
of records. 
No loudspeaker 
bass boom . . . 
transient 
reproduction 
astonishingly 
improved! 



BRITISH INDUSTRIES CORPORATION takes pleasure in 
offering to discriminating American -^usic listeners, engineers and 
manufacturers, the finest s ouriij (Mid el«cti'onic equipment produced 
In Great Britidin! 



You may purchase e>iery British Industries 
product with confidence, J<nowing... g 



mat if has been rigorlusly testad ond efi 
as the best of ;is kind 




That it is fully guaranteed 



That a complete stock of spare components is 
maintained throughout the United itatei 



)L* fo"°fy trained British Industues service 

facilities Insure years of excellent performance 
and your continued satisfaction. 



BRITISH INDUSTRIES CO 



UANE 




,NEW YORK 13 



SUPER 12 CS/AL 



A single extenced range 
speaker that ou:performs 
many niilti-speiker 
combinctlonsl 

A compete rante if speakers 
Is avallible for every 
appljca'ion...allbullt'by 
Wharfeiale Wirjless Works 
under tie personal 
directloi of 
G. A. Biiggs, 

world-renowned ' 
audio eiglneer 




Aluminum 
voice coil 
. extended 
range without 
"peaking^ 



BRITAIVS 
FI^EST 
LOUDSPEAKI.nS 




Bakellzed 't 
cone apex ' 
. amazingly 
clear "highs" 



Costs only 
$61.95 net 
Send your name 
for free fact sheet 
telling why it will per- 
form so well in your home. 



.oudspeiker$1.30 Amplifiers $2.9S Piano, Pianists, Sonics $2.50 




iDudspeatcrs 
Speakers- Baffles 
Acoustics -Frequency 
response, 3tc. 



NON-TECHNICAL 
SIMPLE LANGUAGE 
Practical Informative 
Only books of their kind 
written expressly for the 
layman. Simple, easy-to- 
understand language. 
Many illustrations and 
diagrams. At your jobber 
or send check or money 
order. 



Amplifiers 

Phase Splitters-Push 
Pull-Negative Feedback 
—Tone Compensation- 
Circuits, etc. 



Piano, Pianists. Sonics 
Touch and tone— Tuning 
-Toning-Oscillograms 
of sounds, etc. 



"MAXIMUM BASS-MINIMUM SPACE" 




ANY 



USE WITH 
LOUDSPEAKER 



BOOK SHELF AND F100R| 
MODELS AVAILABLE 
WITH FINISHED AND 
UNFINISHED SURFACES.| 



ON aiSPLAY CHICAGO ELECTRONIC PARTS SHOW, MAY 18-21 INCLUSIVE, CONRAD HILTON HOTEL, BOOTH 871 



FOR FINEST PERFORMANCE 

A new trend! R-J enclosures will amaze you, as they 
did thousands at the Audio F.airs! Three models, each 
only slightly larger than the 3", 12" or 15" speaker it 
fits. Yet, you'll hear clean, smooth bass fundamentals, 
down to low organ pedal nctes. Ciean, unobstructed 
"highs", too. No distorting cabinet resonances. Versa- 
tile, low In price . . . especially adaptable to normal- 
size rooms. Mahogany or blonde Korina, fine furniture 
construction. Available for first time, at leading sound 
departments. 



I 



HEAVY DRIVE 

SHAFT: 

A unique feature! 
Exclusive with 
GarrardI 

Drive shaft for 
33>^ rpm and 4S 
rpm Is heavy, thus 
obtaining more con- 
sistent quality at 
critical low speeds. 
Wows and wavers 
eliminated. 

TRIPLE SPEED 
SWITCH: 

Speed changes are 
clearly marked, eas- 
ily made. The RC-80 
plays 331^, 45 and 
78 rpm. Records are 
placed on the play- 
er and simple set- 
tings made. Action 
Is then completely 
automatic. Includ- 
ing automatic shut- 
off after last record 
of any size. 



COHVENIEHT 

START-STOP-REJECT 

lEVER: 

Start, stop and re- 

iect fever are com- 
lined and located 
conveniently away 
from tone arm. 



FUSHER TYPE PLATFORM! 
Adjusts simply to 7"-10''-12'' 
cter or size of spindle hole. 



records regardless of dian* 



Hi record changing mechanism has been developed to equiJ 
ttre performance of the precision pusher pfatfornf. fr 
rocords with standard center holes* the pusher piatfonw 
ls> trie only method that gives positive gentle reco'd 
operation. 



•UliaWAY 
IDLER WHEEL 

^uolds fijtten'nc oi 
ilnve wheel ww 
cr^nger Is net op* 
sntinf. 



&UT3UAT1C STOPi 
inswespasltlve and 
unfaiifng action at 
end 9f«n« type rec- 
ord. 



B&LANCE-MOUNTCO 
TONE ARM: 

Parallel lift tone 
arm construction 
guarantees true 
tangent tracking. 
Disturbing reso- 
nance eliminated. 




IHTERCHAHGEABLE 
PLUG-IN HEADSi 
Carefully engi- 
neered to accommo- 
date user's choice 
of crystal or mag- 
netic cartridges for 
standard and micro- 
groove reproduc- 
tion, such as Asta< 
tic, Pickering, Au- 
dak and GE twist 
models. 



i 




WORLD'S 
FINEST 
RECORD 
CHANGER 



WEIGHTED 

TURNTABLE: 
RC-80 turntable is 
heavily weighted to 
give flywheel action 
so that any varla- 
tions in the drive 
motor are not re- 
flected In record 
teproducTion. No 
turntable rumble. 




HEAVY DUTY SILENT 
4-PCLE MOTOR WITH 
ABSOLUTELY NO 
RUV8t£: 

Speed maintained 
Ihrojgbout a wide 
vaclation In line 
voUage. There Is no 
ap;r«ciable speed 
varlat on operating 
unit • cold" with a 
fulF toad or "hot" 
with one record, re- 
eardess of weight, 
thIciiPESS or diam- 
eter cf records. 

IMPORTANT! 

OEily a 4-pole motor can assure no hum 
when used with sensitive magnetic pickups.. 

TWO INTERCKANSEABLE SPINDLES: 
Casil; Inserted, the two Garrard Spindles accommodate all 
reconls as they were made to be played. (If user prefers 
on* spindle can be.useo tnroughout simpip by plugging 
center hole of 45 rpm records.) a: Typical Garrard spmdie 
for standard center holes, b: Easily Inserted wide spindle, 
for 45 rpm records, remains stationary when record Is 

R lived. Only a small collar revolves, assuring longer centei ^ 
ole and record wear. 



PflECRIOIfGROU^ID MITING 5WirC9fi 



Per^ctly meshed |o 
Insure constant 
smooth action and 
years of service. 



Nc sound white 
c^lJRXeroper^t'•scfl 
rua-ln cr ry-off 
er«oves. Cortiiui:y 
o( music tindii* 
ttibed tty nodsis. 



WATCH-LIKE CONSTRUCTION 
AIT parts are precision made, fas- 
tidiously assembled and simple to 
adjust. 

A complete stock of replacement 
parts is readily available to all 
Sarrard owners. 



For aiii CKceDent <fesCi1ption of what to look for In 
a record chaager, we recommend the section devoted 
to changers h the new took "High Fldelity Sim- 
pii(le4", 9ilbE]i>hed by Jchn F. Rider. 



Pictured here are the compelling reasons why discriminating listeners Insist upon 
Garrard, world's finest 3-speed record changer. Take this page to your favorite sound 

department and compare for yourself! , 

^2.30 net -less cartridges I MAIL COUPON 



Gxrrard Sales Corporation, Dept. No. AE-« 164 Buane Street, 
Send GARRARD Fact Sheet. 

Nane 

Acklress. . . . 

City Zone State. 



New York 13, N. Y. 
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E. E. or 

PHYSICS GRADUATE 

tvith an interest 
or experience in 

RADAR or 

ELECTRONICS 

Hughes Researcli and 
Developineiil Laboratories, one 
of the nation's large electronic 
organizations, are now creating a 
nnntber of new openings in an 
important phase of operations. 

Here is 
what one of 
these 

positions offers 
you 

OUR COMPANy 

located in Southern California, is presently 
engaged in the development of advanced 
radar devices, electronic computers and 
guided missiles. 

THESE NEW POSITIONS 
are for men who will serve as technical ad- 
visors to the companies and government 
agencies purchasing Hughes equipment. 

you WILL BE TRAINED 
(at full pay) in our Laboratories for several 
months until you are thoroughly familiar 
with the equipmem that you will later help 
the Services to understand and properly 
employ. 

AFTER TRAINING 

you may ( I ) remain with the Laboratories 
in Southern California in an instruction or 
administrative capacity. (2) become the 
Hughes representative at a company where 
oirr equipment is being installed, or (3) be 
the Hughes representative at a military base 
in this countjy— or overseas (single men 
only). Adequate traveling allowances are 
given, and married men keep their families 
with them at all times. 

yOUR FUTURE 

in the expanding electronics field will be 
enhanced by the all-around experience 
gained. As the employment of commercial 
electronic systems increases, you will find 
this training in the most advanced tech- 
niques extremely valuable. 

How 
to 

apply 

If yon are nnder 35 years of age 
and have an E.E. or Pftysics 
degree and an interest or 
experience in radar or electronics, 

write 

to HUGHES 

RESEARCH AND DEVELOPMENT 
LABORATORIES 

Scientijic and Engineemng Staff' 
Culver City, 

Los Angeles County, California 



Assurance is required thai the relocation ol (he 
applicant nill not cauSe the disruption of an 
urgeni milllary project. 





RICHARD H. DORF' 



To the voluminous lore of audio phase 
splitters we add this month another note, 
this time not in tlie form of a new type 
of splitter, but of a slight circuit change 
which tends to get rid of hum. The luim 
problem is less than severe in the highly 
developed amplifiers which most Ai readers 
seem to want and Imild, hut there is still a 
hard core of the electronic engineering pro- 
fession working with what we can only name 
■'department - store audio." Department- 
store audio (consisting of radio-phono- 
graphs and combination TV-radio-phono- 
graph sets, built for and sold to the 
ordinary, unsuspecting consumer to whom 
high-quality audio is mentally on a par 
with space travel) occasionally does in- 
dulge in push-pull amplifier circuitry. The 
pnsli-pull amplifier is usually combined with 
a SO-ceiit output transformer and nothing 
resembliiig an adequate speaker enclosure, 
so its chief function is to provide advertis- 
ing copy. 

There are a few quality-omission sins 
which keep designers out of heaven in de- 
partment-store audio, all of them being of 
the sort to which a d-s consumer can point 
out with no mental exercise. One, for in- 
stance, is rattle, as from a loose speaker 
cone. Another is excessive hum: for while 
no product of d-s-a is complete without a 
treble suppi'cssor. who would dare take 
away that delightful tom-tom effect by in- 
cluding a lass control ! Coupled with hum's 
obvious character is the usual desire for a 
cost saving by using resistors in place of 
chokes in the power-supply filter. 

Wen Yuan Pan has apparently thought 
enough of the problem to conic up with a 
small circuit revision in a standard phase 
splitter, which he claims can reduce hum 
level by as much as 10 to 1. His patent is 
N'o. 2,626,321, and it is assigned to RCA. 

• 255 W. 84th St., New York 24 N. Y. 



Figure 1 is the circuit of a very old 
(1927) type of phase splitter. Signal is fed 
to \ the first half of the splitter. Its plate 
load is Ri and the following grid resistor is 
the series combination of Ks-lit. From the 
latter a voltage is tapped and fed to the 
grid of / 1, as a result of which Fi has an 
output opposite in phase to that of y i and 
(if the tap between Rs and is chosen 
right) equal in amplitude. 

The push-pull stage is balanced and is 
therefore relatively insensitive to hum. Dis- 
regarding hum originating from the signal 
source fed to the grid of Vi, hum from the 
power supply appears at he grid of Vt, its 
amplitude depciuling on the voltage-divider 
action of R, and Rr-R,. If the splitter cir- 
cuit is symmetrical the same hinu appears 
on the grid of Vi. Since these two are in 
phase, they cancel in the output stage. 

However, a part of the hum appearing on 
the grid of is amplified by V, and ap- 
pears at the grid of Vt out of phase; the 
algebraic addition of the component arriving 
at Vi through R, and the amplified output 
of Vi just mentioned gives a resultant which 
is in phase with the net hum at but of 
smaller value. The difference is, of course, 
amplified by the final stage and appears at 
the output. 

The inventor reasons that if the hum 
component at the grid of Vi is simply in- 
creased in amplitude, the two grids will 
again be balance<l for the ripple and it will 
cancel. This he does by making R, smaller 
in value than ^i. In this way, the voltage 
divider Rt-Rs from power supply to Vi grid 
has a larger output leg (^i) than its coun- 
terpart, R,-R,~R,. 

The values given are for a typical circuit 
designed by the inventor. 

Tone control circuits 

Audio equalizer circuits are always useful 
to know about and the ones diagrammed in 



Fig. 1 
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Be Sure of Your Installations 
Get the 

RG/U TRANSMISSION ^ 
LINE CABLES 

• You know what you are doing when you use Belden RG/U Trans- 
mission Line Cables — they're aptitude rated. They are designed to 
provide desirable electrical characteristics, and rigid control assures 
constant quality. Specify Beldm Radio Wires. 

Belde n Manu f actur ing Co. 4689-R S'. Van Buren St., Chicago 44, III. 



APTrrUOE RATING 
No. S236 

■tquency Altftnuoti 



To You, 

Belden's Golden Anniversary Means 

— product p<?rformance that 
can come only from a "know- 
how" that has grown through 
actual service since the 
inception of Radio. 

— an ability to co-oper- 
ate in pioneering new 
wires to meet or antici- 
pate industry's grow- 
ing needs. 
In the years tliat 
follow 

This Belden 
Program Is — 
— TO BE CONTINUED 



IMr) 

100. 
203. 
300. 
400. 



r 1 00 ft 

2.65 
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YOUR PRODUCTION DESERVES 

Precision 
Prints 



PROFESSIONAL PREVIEW 
VISUAL and AURAL 

The final result of all motion pic- 
ture production is the image on 
the screen and that is why the final 
inspection of prints at Precision is 
carried out by checking under ac- 
tual projection conditions, both 
visual and aural, and with modem 
equipment. 




YOUR ASSURANCE OF 
BETTER 16mm PRINTS 



15 Years Research and Spe- 
cializulioii in every phase of 
16mm processing, visual and 
aural. So organized and equip- 
ped that all Precision jobs are 
of the highest quality. 

Individual Attention is given 
each film, each reel, each scene, 
each frame — tlirough every 
phase of the complex business of 
processing — assuring you of the 
very best results. 

Our Advanced Methods and 
our constant checking and adop- 
tion of up-to-the-minute tech- 
niques, plus new engineering 
principles and special machinery 



Precision Film Laboratories — a di- 
vision of J. A. Mtiiirer, Inc., has 14 
years of specialization in the 16niin 
field, consistently meets the latest de- 
mands for higher qiiality and speed. 



enable us to offer service un- 
equalled anywhere! 

Newest Facilities in the 16nim 
field are available to customers 
of Precision, including the most 
modern applications of elec- 
tronics, chemistry, physics, optics, 
sensitomelry and densitometry— 
including exclusive Maurer- 
designed equipment— your guar- 
antee that only the best is yours 
at Precision! 



PRECISION 

FILM LABORATORIES, INC. 
21 West 46th St., 
Mew York 19, N.Y. 
JU 2-3970 



ing response for tliis circuit is the upper 
one of Fig. 4. 




Too Many Patents? 

In looking over a large nnmber of patents, 
especially those covering circuits, the writer 
is often moved to wonder on what basis the 
patents were granted. Even laying aside for 
tlie moment the patents covering obvionsly 
impractical circuits, it appears that a large 
percentage of grants cover circuits which do 
not represent what a reasonable engineer 
would probably call anything but routinely 
ingenious practice of the profession of engi- 
neering. This is, of course, a legal question 
of interpretation of tlie letter and S|)irit of 
patent law, and it has been discussed voluni- 
inonsly by people who are qualified. But 
even speaking as a non-legally-qualified en- 
gineer, it seems that the patent law must 
have been promulgated to protect those with 
new ideas representing originality of 
thought and concept, not those who have 
used existing knowledge and procedure to 
juggle components into slightly diffeient 
form. 

The efTect of what appears to be rather 
indiscriminate granting of letters patent 
would be, without other checks, to deprive 
engineers in general of the right to use 
many circuits which they would design as 
a matter of routine, rather than to secure 
to those of inventive and original mind the 
results of their particular geniuses. 

The lack of discrimination in the Patent 
Office is the more surprising in view of the 
fact that the examiners take every possible 
precaution to comply with that part of the 
law which prohibits granting of patents 
where there has been anticipation. It rarely 
takes less than two years — and usually much 
longer — to obtain a patent; and in the 
course of it the examiner almost always 
interposes objections on the basis of prior 
art. Why, then, is not that provision of the 
law covering what is patentable more often 
applied ? 

Part of the answer is probably that ex- 
aminers do not feel th.it they ought to sit in 
judgment of this kind. Another part is in- 
ability to examine as closely as desirable 
because of the tremendous volume of appli- 
cations. But in any case, we fortunately liave 
the courts, whicli every day sit in patent 
cases and invalidate a very large number of 
patents. The hitcli is that sometimes mere 
threat of an infringement suit is enough to 
cause a defendant of less substantial re- 
sources than the patent-holding company 
to validate the patent in effect by ceasing to 
use it lest he lose his shirt in expensive 
legal proceedings. 

On the bright side, anyway, is the fact 
that patent specifications provide an inter- 
esting and useful source of information for 
the engineering public. Twenty-five cents 
will bring you any patent ; address your re- 
quest to The Commissioner of Patents, 
Washington 25, D. C. 
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Here is the first basic advance 
in tone arm design in 
many decades! 



The GRAY "Viscous-Damped 
108-B Tone Arm 



// 



Gives you perfect contact and tracking on all records at 
lowest stylus pressure — virtually eliminates tone arm reso- 
nances—cannot damage record if accidentally dropped. 



The entirely new suspension principle of 
the Gray 108-B makes it hug the grooves . . . 
prevents stylus skickiing on worn records — 
overcomes groove-jumping caused hy floor 
viijralions. Its "viscous-dami)ed" design pro- 
vides perfect tracking, virtually eliminates 
lone arm resonances, and prevents any pos- 
sihility of record damage if the arm is dropped. 





RESEARC 



J 



AND DEVELOPKENT CO., IKC, HILLURD STBEET, MJNCHESTER, CONN. 
Diviiion ol The CRAY MANUFACTURING COMrANV— Oriein«liii« ol ihe 
Crny Telephone Pay Slnlion und ihe Cray Audofiraph and PhonAudograph 




The 108-B satisfies every requirement of 
high fidelity reproduction. A plug-in feature 
permits instant change from 78-rpm to 33 1/^- 
ri)m-or 45-rpm, with automatic a/ljustment to 
the correct stylus pressure. See and try this 
"viscous-(lanii)ed" arm soon — solve all your 
transcription prohlems with this revolutionary, 
versatile arm! 




I Cray Rciearcli & Developmeni Co., Inc. 
I tlilliaril Street, Manchester, Conn. 

Please send me your Bulletin RF-6 on the new Gray 
Viscous-Damped" 108-B Tone Arm. 
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The complete MS (Military Standard) line of 
Hermetically- Sealed Power & Filament Transformers 

CHICAGO TRANSFOHMER now olTers all 
units in the Military Standard (ms) 
line, as established jointly by the 
three armed forces (Army Signal 
Corps, Navy Bureau of Ships, and 
Air Force) working through asesa 
(Armed Services Electronic Standards 
Agency) and in cooperation with the 
transformer industry. The complete 
line is housed in Chicago's one-piece 
drawn-steel cases. Outside case di- 
mensions and mounting dimensions 
are within the tolerances of the Mili- 
tary Standard specification. Terminal 
arrangements and markings are also 
in accordance with the same specifi- 
cation. Tests conducted in theCHiCACO 
TRANSFORMER laboratories indicate 
that all units will meet the require- 
ments of Grade 1, mil-t-27 specifica- 
tions for Class A operation. The Mili- 
tary Standard line should find wide 
usage in military airborne, marine, 
and ground communication equip- 
ment, and particularly for research 
and development applications, pilot 
runs and pre-production models. 

POWER TRANSFORMERS-INPUT REACTOR STSTEMS(PRIMARr— 105/115/125 V.-Froquoncy 54.66 cyclei) 




CATALOC 
NUMBER 


Mll-T.27 
PART NO. 


HIOH VOITAOE SECONDARr 
A C Volti D C MA. 


D-C V 
OUTPUT 


RECT. FIL. 
Volli Ampi. 


FIL. NO. 2 
Volli Ampi. 


WT. 
LBS. 


PM5-70 


M5-90026 


200- lOO-O- 100-200 70 


385 


6.3, 5 


2 


6.3 


3 


4 


PM5.70A 


MS-90027 


325 0-325 70 


260 


6.3/5 


2 


6.3 


4 


5 


PM5.I50 


MS. 90028 


325-0-325 150 


245 


6.3 


5 


5 


3 


7'/4 


PMS.175 


MS.90029 


400-0-JOO 175 


318 


5 


3 


6.3 


8 


10 


PMS-250 


MS.90030 


450-0-450 250 


345 


5 


3 


6.3 


8 


13 


PMS-350 


MS-90031 


350-0-350 250 


255 










7/2 


PMS.550 


MS-90032 


550-0-550 250 


419 










1 1 


PM5.80O 


MS. 90036 


800-0-800 250 


640 
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FIIAMENT TRANSFORMERS (PRIMARY:— 105/115/125 V.-Froquen«y 54-66 cycle.) 



CATALOG 


MIL-T-27 


SECONDARY 


INSULATION 




NUMBER 


PART NO. 


Volli 


Ampt 


VOLTS RMS 


WT. LBS. 


FMS.23 


MS.90016 


2.5 


3.0 


2500 


l'/2 


FMS.210 


MS-90017 


2.5 


10 


2500 


2'/2 


FMS-53 


MS. 9001 8 


5.0 


3.0 


2500 


1>/4 


FMS-510 


MS-90019 


5.0 


10 


2500 


4 


FMS.62 


MS-90020 


6.3 


2.0 


2500 


1% 


FMS-65 


MS-90021 


6.3 


5.0 


2500 


IV, 


FMS.410 


MS-90022 


6 .3 CT 


10 


2500 


5 


FMS.620 


MS-90023 


6.3 


20 


2500 


8 


FMS-210H 


MS. 90024 


2.5 


10 


10000 


i'A 


FMS-510H 


MS-90025 


5.0 


10 


10000 


7 




Free "New Equipment" Catalog 

Vou ll also wanr the full delaili on CHICAGO'S _ 
Now Equipment line of fomoui "Seoled-in-Sreel" Transformc 
Write for Free Catalog CT>153 today, or get from your 
electronic parti distributor. 



CHICAGO TRANSFORMER 

DIVISION Of essex wim cokpokation 
3501 ADDISON STREET/CHICAGO 18, ILL. 




LETTERS 



Merit vs. Demerit 

Sir : 

The proposed Figure of Merit for oiilpiit 
tubes has much value for the circuit engi- 
neer. 1 find that some reahstic comparison 
of tlie many types available is important 
for preliminary design considerations. 

The items your equation includes give ad- 
vantage to the pentode types. For most 
audio considerations, unless special circnits 
are used, the value of the triode with its 
inherently lower impedance, is masked by 
the otiier factors, 1 would suggest that the 
effect of plate resistance should be included. 
One metiiod would be to consider twice the 
tube resistance in parallel with the load 
resistance. This would make factors for 
2A3 of S.O and 11.3, while the 6V6 pentode 
factors would be 4.05 and 3.67 instead of the 
lower values your equation gives. 

The revisefl merit equation would be as 
follows ■. 



F. M. = 



P„(1 00-D)(Jii -2Rp) 



2 Ri Rp Etj 

I'or some few applications it is probable 
that your figure may be more accuiate. 
However, since pentodes will need negative 
feedback to obtain triode characteristics, 
the suggested revision should take this into 
account. 

G. B. HouCK, Jr.. 
63 Bedford Road, 
Pleasantville. N. Y. 

Sir : 

I am indebted to Mr. Hotick for bis sug- 
gested revision in my Figure of Merit wliich 
takes the effect of plate resistance into ac- 
count, making a comparison which includes 
boili pentodes and triodes more impartial. 

On the other hand, I feel compelled to 
disagree with the points made by Mr. 
Garner (M, May 1953). It was clearly 
stated that the application was to higli- 
qualiiy home amplifiers. Since the cost of 
power tubes is a small part of the expense 
of a home amplifier and since electrical 
power is cheap, the omission of these factors 
seems reasonable. Most Golden Ears of my 
acquaintance would be liappy to provide 1.6 
amps in their living rooms if they felt the 

J quality of reproduction were really im- 
proved by so doing. 
The proposed incorporation of the distor- 

; tion percentage directly in the denominator 
would be silly, since the barely- — if at all — 
perceptible difference between, say, 0.1 and 

I OS per cent distortion would result in a 

! five-to-one difference and swamp out the 

i other nincli more important factors. 

I Warren G. Bendeu, 

62 Park Street, 

! Tenatly, N. J. 

I High Futility 

Sir : 

' 1 am not in complete agreement with one 
of the statements made by Mr. Dickey in 
his essay "High Futility," (JE, April 1953). 

In this essay. Mr. Dickey states that 
". . . the pitch of a constant-frequency tone 
varies with amplitude. The artist will per- 
form so as to produce the correct pitch 
initially, but when the level is changed upon 
reproduction (the frequency remaining con- 
stant), there is a change in pitch. . . ." 

Certainly it's true that the pitch of a 
constant-frequency tone will vary with 
amplitude — but I think this will be true 
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111-AP McgneticTope olso availnble on the "SCOTCH" Brand prcfessional reel. 



//V the exclusive 

Scotch 

BRAND 

V SLOT 
r PLASTIC REEL 



Now — enjoy the ultimate in easy 
handling, in smooth performance on all 
machines with the all new, all improved 
"Scotch" Brand slot 7" reel, it's the 
first truly functional plastic reel. 120() ft. 
lengths of 1 1 1 A and the sensational new 
120 '^Hlgh-Outpiir "Scotch" Brand 
Magnetic Tape are wound on this new 
'*V" slot 1" reel splice free. 



**V" SLOT. Say goodbye to threading 
problems with the easiest, quickest thread- 
ing device yet perfected. 

LARGE 2V4" HUB. The only reel that 
accommodates standard lengths of all mag- 
netic tapes and minimizes timing errors. 
Eliminates tape spillage in rewind. 

WIDE SPOKES. 45% more plastic has 
been added for extra rigidity. Runs true, 
balanced to a whisper. 

TAPERED FLANGES eliminate frayed tape 
edges. Get a smoother wind with this 
precision feature. 

EASIER LABELING. Extra large unobstruc- 
ted writing and labeling surface for added 
convenience. 



Your electronic parts distributor has it! 
Order today! 



Costs no more than ordinary reels 



Scotch Magnetic Tape 

BRAND 

High Oiiipiil and JSg? TM 3M Co. The term "SCOTCI I" and the plaid design are registered trade- 
marks for Sound Recording Tape made in U.S.A. by MINNESOTA MINING & MFG. CO., St. Paul 
Mnin. -also makers of "Scolcir' Brand Pressure-Sensitive Tape;, "Undersea!" Rubberized Coating, 
■"Scaichliie" Rcllective Sheeting, "Sal'etv- Walk" Non-slip Surfacing, "3 M" Abrasives, "JM" Adhesivcs. 
General Export: 122 E. 42nd St., New York 17, N.V. In Canada: London, Ont., Can. 
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NEW BLOOD 
IN THE PULSE RACKET 



It is gratifying to note that within a 
month of our attack on relays for the 
pulse market, a favorite competitor has 
done the impossible and brought out an 
impulse relay. It is improbable that our 
implications impelled him to such an 
important step, but the impression, 
though implausible, adds impetus to 
our plans. 

The purpose of a pulse (or impulse) 
relay is either to make round pulses 
square or to make little square pulses 
big. Relays are not usually used to 
make narrow pulses wide or wide pulses 
narrow, although some do, willy nilly. 



c 



Relays like our Type 7, which eat a 
couple of milliseconds off a pulse and 
then bite out a nick in the form of a 
half- millisecond bounce, 



are no better than rumor- mongers as 
repeaters of information. That new 
impulse relay certainly beats it all 
hollow because it operates twenty times 
as fast, and doesn't bounce. 

If our new relay could do that, as well 
as what it already does, we wouldn't 
have to advertise for long. To be 
specific, it is SPDT, and it will operate 
in about .0006 seconds, transfer taking 



as little as .00025 seconds off your pulse. 
It never bounces, of course, and will 
handle substantial contact loads such 
as a teleprinter for .over 100,000,000 
operations. It looks like this: 




Operotlng choracterlstlcs 


Two coll 


Single coll 




polarized 


neutrol 


Contact Arronflement 


SPDT 


SPST 


Contact load and life rating 


10^ @ 60 ma 


5 X 10« @ 




(contacts 


.075 mo 




easily 






replacedl 




Contact separation 


.004" 


.0005" 


Max. Aperiodic pulse rOle 


400 cp* 


1000 cpi 


Max. Foiiowing puke rate 


1200 cpt 


2500 CPS 


Signal for good operation 


+ 20. -20, 


40, 0, 40 m 




TlO ma 




Coll resistance 


\50Sl. each 


135^ 


Height and diameter obove 


2 1/2" X 


1 21/32" X 


octal plug 


I 9/32" 


I 15/16" 



Both these wonderful relays are pretty 
hard to get. You can have one of ours 
right away, if you convince us that you 
need something a lot better than our 
"7" (if not, lhal's what you'll get). 
Furthermore, you'll have to answer a lot 
of questions about your gadget and its 
purpose (how else can we learn about 
new frontiers ?). Finally, you'll have 
to settle for commercial quality and 
finish; no leak proof, salt proof, fire 
proof, fungus proof; so far all we've 
tried is to make it goof proof. 

FEATURES OF THE NEW PULSE RELAYS 



SIGMA INSTRUMENTS, INC. 

106 Pearl Street, So. Braintree, Boston 85, Mass. 



only ij the tone is pure. For example, in 
one of tlie standard college physics text- 
books (F. A. Sannders: A Survey oj 
Physics, pp. 290-291) it is stated that a 
pure 200-cps tone will appear to drop iti 
pitch if the sound level is increased, but if 
the tone is not pure this change will not he 
heard. It is also stated that l>ecausc of 
harmonics a complex tone will remain fixed 
in pitch. 

If this iiiforniation is correct, then the 
remainder of Mr. Dickey's statement cannot 
he true. Since orchestral instruments are 
rich in harmonics, we should therefore ex- 
pect to have no change in pitch if, for ex- 
ample, a solo violin is recorded and then 
replayed at a higher sonnd level. 

It may also he of interest to note that tliis 
information is in direct contradiction to 
the comment made hy Villchur in a footnote 
on page -40 of the Naveinbcr 1952 issue of 
M. in which the anthor states that the 
change in pitch with sonnd intensity "is 
very much greater with rich tones than 
with pure tones." 

Now the question is, who is right? 

A. A. SCBUI.KE, 

Department of Physics, 
Washington University, 
St. Loitis 5, Mo. 
(A $64 question, too, we tliink. Makes 11s 
wonder who the authorities are in this 
hnsiness. Incidentally, the italicized word 
-'iolin was substituted for the word "flute" 
originally written hy Mr. Schulke. The 
stihstitution was made because the flnte 
comes most closely — among orchestral in- 
struments — to being a pure tone, and might 
further cloud tlie issue. Anyway, here's 
Mr. Villchur's reply. Ed.) 

Sir : 

I believe Mr. Schulke's point is well 
taken, and he has caught me in two errors. 
One is a reversed meaning — the footnote 
should have read: "This 'normal illusion' 
is very mucli greater with pure tones than 
with rich tones." The other is that, as in 
earlier chapters, I ha\ e neglected to supply 
references for such points. 

"Tests to determine the effect of tiinhre 
on the pitch-intensity relationship were 
conducted hy Harvey Fletclier and described 
in J. Acous. Soc. Am. in Octoher 1934. 
The change in pitch produced hy the varia- 
tion of intensity was in general only one- 
fifth as great for complex tones as for pure 
tones. A direct study of this effect in musi- 
cal instruments was reported hy Lewis and 
Cowan in "The Tnllnence of Intensity on 
the Pitch of Violin and 'Cello Tones," J. 
Acous. Soc. Am. in July 1936. Expert 
musicians were asked to play certain pitch 
intervals, first very softly and then very 
loudly. Measurement of tlie physical fre- 
quencies which they produced sliowed little 
if any significant compensation for the in- 
fluence of intensity on pitch. E.M.V. 



gq^^lNQ EVENTS 



July 13-16 — Music Industry Trade Show. 
Palmer House, Chicago, III. 

August 19-21—1953 Wescon (Western 
Electronic Show and Convention), Civic 
Auditorium. San Francisco. Calilornia. 

September 1-3 — International Sight and 
Sound Exposition, conihined with the 
Chicago Audio Fair. Palmer House, 
Chicago, 111. 

October 14-17— Fifth Annual Convention 
of the Audio Engineering SoaETV, and 
The Audio Fair. Hotel New Yorker, 
New York City. 
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The ONLY professional turntable 
tailored specifically for 
"fine groove" 33H or 45 



• New, smaller size . . . o^^y 28'' 
high, 20" wide, 16H" deep 

• Faster starts. Full speed in le3s 
than 14 turn 

• Easier cuing . . . through iaster 
starts and disengaging of driver 
idlers 

• Goodbye operating airors. 

Center hole diameter diangei 



automatically with speed 
changes 

• No record slippage. The cen- 
ter of the platter is recessed tc 
handle the inside shoulder of 
45's. Easy to handle 

• Wow and flutter as low as 

RCA 70 series turntables 



Smaller than any Professional Broadcast turntable . . . yet 
capable of delivering the same high-quality output as RCA's 
famous 70 series . . . T^pe B^-IA is your answer for a simple- 
design turntable matched and styled to meet the trend in 
transcription requirements, [t enables you to take full advan- 
tage of the vast library of 45 'f- and 33'/i's now available. It takes 
np less space in your control room. It enables you to take ad- 
vantage of the impor-.£.nt 5pace-saving features offered by 
"fine-groove." And Note TY:is Fact: The price is right! 

Type BQ-IA is reao'y far immediate delivery, complete— or 
Biechanism only. For detciis, call your RCA Broadcast Salea 
Representative. 



BLACK 
MAGIC! 





found 
only in 

'pjih/mty^lu/K. 



ROYAL BLUE SPEAKERS 



T. S. C* an exclusive Permoflux 
development and the result of many 
years of laboratory research — truly a 
touch of "Black Magic" — increases 
cone compliance, adds octaves of fre- 
quency response, and gives startling 
realism to reproduction. 

Royal Blue Speakers will bring you 
undreamed of fidelity — the Royal 
Eight comparable to any 12-inch 
speaker and the Royal Twelve superior 
to larger reproducers. Hear them both 
at your nearest Sound demonstration 
room. Look for the Blue cone — the 
emblem of high fidelity. 

^Treated, Slotted Cone with permanently soft 
plastic impregnant. 

Folded-Horn Enclosures 

Home-lcvcl reproduction 
at its finest is achieved by 
Royal Blue Speakers in 
Folded-Horn corner en- 
closures. Two sixes are 
available: Model CH-8 for 
a single Royal Eight speak- 
er and Model CH-16 for 
two Royat Eif;hts or one 
Royal Twelve. Both sixes 
arc offered in mahogany or 
blonde to suit your taste 
and your room decor. 

See your Permoflux Distributor or ask us for 
literature. 




Hum Reduction 
in Amplifier Development 



PARTICULARLY aniong the exponents of 
listening tests, noise and signal-to- 
noise ratio are subject to varied 
interpretation as regards acceptability. 
Narrow spikes and random noise, or the 
so-called hiss, may be quite noticeable over 
the frequency range ni which the ear is 
sensitive, and audible under no-signal con- 
Ciilions tliough the effective magnitude is 
quite small as read on a meter. On the 
other hand, the ear is rather insensitive at 
60 cps, so that by listening tests a sound 
system might be pronounced hum-free even 
though a monitoring oscilloscope shows 
the hum to be materially larger than the 
hiss. Thus the unqualified meter reading 
for specificatioii or test is helpful but not 
conclusive. 

Ill quality equipment as for studio use, 
hiss magnitude within a few decibels of 
thermal agitation noise is not uncommon, 
with Inmi amplitude roughly equal I' the 
hiss. Using now common techniques and 
particularly with a type 1620 input tube, 
tliis can be accomplished in production 
with a.c. heater operation and no luitn- 
balancing potentiometers. Often, however, 
unusual requirements necessitate the design 
of new or special equipment, and hum re- 
duction niay be quite a problem. 

When developing audio amplifiers for 
low hum traceable to a.c. power source, 
the following considerations (not neces- 
sarily listed in the order of their impor- 
tance) will be found useful. Power supply 
ripple reduction is not considered here, 
as it is usually the easiest (though not the 
cheapest) to accomplish. 

1. Bypass the cathode resistor in the 
stage contributing most greatly to the out- 
put hum amplitude. This is usually, but 
not necessarily, the first stage. In ampli- 
fiers of high power output or low gam, 
the output stage may be the most serious 
offender. 

2. Bias the heater-supply relative to the 
cathodes of tubes having unbypassed cath- 
ode resistors. A positive biasing potential 
of IS to ,50 volts is recommended, with 
preferably no more than a few thousand 
ohms impedance to ground at power-line 
frequencey. One plan, usually satisfactory 
and requiring no additional components, is 
connection of tlie heater winding center- 
tap to the cathode lead of a cathode-biased 
power output stage. 

3. Keep heater and other power wiring 
close to the chassis, and keep low-level 



* 311 iVest Qaklaiid Ave., Oaklyn 6, Nezv 
Jersey. 



high-impedance components and wiring 
separate therefrom. When lowest possible 
hum is sought in a stage with high-imped- 
ance input, a metal tube with top grid-cap 
(like type 1620) is usually preferable. 

4. Particularly for single-ended tubes 
(including miniature types), use mica- 
filled or ceramic sockets rather than those 
of simple molded plastic material, to re- 
duce leakage across the socket from heater 
to grid or plate pins. 

5. Try d.c. heater operation. Often the 
heater winding of the first stage may be 
included as part of the cathode biasing 
resistance of the power amplifier stage, 
with adequate circuit bypassing "to prevent 
objectionable signal feedback. 

6. To minimize signal lead lengths, use 
point-to-point rather than terminal board 
wiring in low-level stages. 

7. Use a heavy ground bus (or at least 
interconnected signal grounds) rather than 
random chassis grounding, to avoid the 
so-called ground loops. This is commonly 
done in high-quality apparatus, though for 
simplified presentation the schematic dia- 
gram may indicate random grounds. 

8. Use adequate magnetic shielding at 
the input transformer, magnetic pickup, 
tape playback head, etc., and ma.ximum 
practicable separation between these and 
power supply components. Objectionable 
hum may be induced in the output trans- 
former, due to pro.ximity of the power 
transformer or choke of a choke-input 
power supply filter. Orient the signal trans- 
formers for minimum hum pickup, which 
i:sually means positioning the induction- 
sensitive component so that the axis of its 
coil is perpendicular to the direction of 
hum field. Sometimes a hum-bucking wind- 
ing arrangement may be used to advantage 
m input transformers, pickup heads, equal- 
izer coils, etc. In this winding plan, coils 
are divided into pairs, and connected to be 
series-aiding for circulating magnetic 
(wanted) fields, but series-opposing for 
the parallel (unwanted) fields of remote 
origin. Ordinarily, however, simple shields 
are more effective and less costly. Nickel 
alloys such as Miimetal are best in this 
regard. Most successful shields for small 
transformers are drawn Munietal cans 
(about 0.040 inch wall thickness), hydro- 
gen-annealed after forming. Telescoping 
cans with non-magnetic separators and 
close-fitting covers may be used if a single 
shield will not suffice. A well executed 
shielding job with two Wumetal cans and 
copper separator will usually make the 

(Continued on fage 56) 
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SOUND IN DIS1CN- 

PERMOFLUX CORPORATION 

4903 w. Grand ave.. Chicago 39. u.s.a. 

236 so. VErDUGO RD., GLENDALE S, CALiF. 

Canadtan lict*ntt-e 
Campbell Mfg. Co., Toronto, Canada 



puts 

other 

tape 




recorders 



in the 



■ ^ 




The "unitized" 
construction of the 
Presto RC-n 

. . . allows a complete flexi- 
bility in ihe manufacture 
of various types of instru- 
ments. By the simple rear- 
rangement of components 
the RC-11 becomes a high 
fidelity recorder, a dual 
track, bi-direc'ionol record- 
er or reproducer or a long- 
playing reproducer with 
automatic tope reversal. 



...the PRESTO RC-11 

I'HESTO introduces a precision-engineered tape recorder 
with a radical new tyi)e of construction! 

FealiM-ing a self-contained capstan drive unit, llie PRESTO 
RC-11 provides durahility, flexibility and rapid maintenance 
heretofore unheard of in tape equipment. Motor, fly wheel, 
capstan shaft, pressure pulley and solenoid are all pre-mounted on 
a cast aluminum suh-assenihly ... a complete working unit 
quickly removahle for service or replacement. 

heavy, rihhed, cast aluminimi panel designed for rack or case mounting supports all 
other components. Overall durable construction gives additional reinforcement 
and protection during shi|>ping and adds years to the life of the machine. 

In terms of performance and operational ease, the RC-11 also steps 
out front. This new recorder, with complete push button operation, 
automatic microswitch in case of tape breakage and a reel capacity of 

lOV^ inches, is an engineer's- delight. 

The combination of advanced design and engineering in the RC-11 
puts ordinary tape recorders in the shade . . . makes this instrument 
an iiiveslmenl, not an expenditure. Ask your presto distributor for full 
information on this important development in tape recorder 

design . . . the all new RC-11. 



RECORDING CORPORATION 



PARAMUS, NEW JERSEY 




Export Division: 
Conodian Division: 



25 Worren Street, New York 7, N. Y. 

Wolter P. Downs, Ltd., Dominion Square Bidg., Montreal 



WORLD'S LARGEST MANUFACTURER OF PREC^Rn RECORDING EQUIPMENT AND DISCS 



www.americatnradiohil 
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EDITOR'S REPORT 



ENGINEERING JOBS 

ONE OF THE iiiiportaiit problems facing industry in 
the current years is that of a shortage of engineers 
in practiciilly all fields. J<ecent reports indicate 
that hy 1954 there will he over 25,000 new jobs in 
civilian industry for engineers, hut only about half that 
many new graduates will be available to fill these posi- 
tions. 

At the present time, about one fourth of the graduates 
are being commissioned in the Armed Forces as a re- 
sult of their l\OTC training, and another fourth become 
eligible lor the draft. Less than ten per cent remain in 
full-time graduate studies. 

According to the American Peoples' Encyclopedia 
1953 Yearbook, to which we are indebted for this infor- 
mation, one solution is for industry to use its engineers 
more efficiently as engineers, and to put non-engineering 
routine work in the hands of those who are not qualified 
for the more rigorous engineering work. 

The forward-looking young man — or young woman, 
for that matter— ma\ well see in this statement a solu- 
tion to his life work, although unless further along with 
planning, little help to industry would result this year 
or next. However, there are always more years coming 
along, and engineering does olfer its rewards — both 
financial and in the satisfaction of doing something im- 
portant in the scheme of life. 

As for the immediate future, there does seem to be 
considerable merit in the suggestion that engineers be 
used only on technical engineering work, and that other 
work should be taken away from the load assigned to the 
engineers. According to the Yearbook, which states that 
as much as one third of engineers' work is not technical, 
the correction of this condition would provide a fifty 
per cent increase in engineering time. What other 
method can give immediate returns? 

NOISE REDUCTION 

A special summer program on noise reduction has 
been announced by Massachusetts Institute of Technol- 
ogy to cover a two-week period from August 24 to Sep- 
tember 4. The course is designed primarily for engineers 
and scientists who require a working knowledge of 
means for noise reduction in industrial plants and build- 
ings. The program is to consist of ten lectures su]iple- 
mented by field trips and round-table discussions, and 
will cover the following subjects: basic terminology and 
concejits, measurement of noise, psychological as]iects, 



room acoustics theory, noise reduction in rooms, trans- 
mission of sound through structures, characteristics of 
noise sources, materials and structures for noise reduc- 
tion, muftlers and vibration isolators, and machinery and 
ventilation-system quieting. The special program is 
under the direction of Professor Leo L. Beranek, who 
will be assisted by Jordan J. Barucli, Richard H. Bolt, 
Robert B. Newman, and \\ alter A. Roseiiblitli. Living 
accommodations are available in various units of the 
MIT dormitory system, and complete information may 
be obtained from the Office of the Summer Session, 
M. I. T., Gimbrklge 39, Massachusetts. If the period of 
the course happens to coincide with a vacation, this 
might be a good way to spend it — if you can convince 
the family. 

EXHIBITS, CONVENTIONS, SHOWS 

Just returned from the Radio Components Show and 
the British Industries Fair in London, and just having 
missed both the N.XRTB and Acoustical Society meet- 
ings in Los Angeles and Philadelphia, and with the 
Radio Parts Show in Chicago just starting as this is 
being written, we have now only four important afTairs 
of this type to look forward to in 1953 — the iMusic Trade 
Show in Chicago in July, the Western Electronic Show 
and Convention in San Francisco in August, the Inter- 
national Sight and Sound Exposition and the Chicago 
Audio Fair in Chicago in September, and the big one 
of the year — The Audio Fair in New York in October. 
Incidentally, we saw the first public sign of the 
ISSE&C,\F in Paris on the wall of a wine cellar— as a 
matter of fact, we saw the sign being put there and did 
nothing iibont it, except cheer. 

The August WESCON show in San Francisco is the 
only one of those named which has to date put out any 
advance pul)licity about its technical sessions — although 
some of the shows make no claim to technicality. We 
are pleased to see that the convention in San Francisco 
plans a few evening sessions — one of which is scheduled 
to be on audio. This may entice many who cannot attend 
(hiring the davtime hours, and may serve to bring more 
attention to audio in all its aspects. Pre-convention in- 
terest is being fanned by a number of evening meetings 
on related subjects some time before the opening of the 
Convention itself. Among these subjects is a special dis- 
cussion of magnetic recording apparatus and techniques 
given for the Federal Court Reporters. This meeting is 
sponsored by the San Francisco Section of the Audio 
Engineering Society, and could be very interesting. 
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PROFESSIONAL 
AUDIO 
EQUIPMENT 




BALANCED COMPONENTS /UAXmiZl PLA YBACK PlRFORMANCl 



PICKERING CARTRIDGES . . . 

are the choice of audio engineers throughout the world. They are universally 
acclaimed because of their high output, wide range performance and low distortion. 
They ore used wherever a fine cartridge is required in radio stations, recording studios 
and for purposes of quality control by leoding record manufadurers. 



MODEL 410 AUDIO INPUT SYSTEM... 

it designed to provide a complete audio control center. Model 410 may be used 
in any high quality playback system. Three input channels ore provided— one for 
magnetic cartridges and 2 "Hat" channels for other audio circuits. A 3-position 
equalizer network is built into the magnetic cartridge channel and provides accurate 
equalization for LP, AES and 78 rpm recording characteristics. Separate bass and 
treble controls are also provided. These are of the step-type and permit bass and 
treble adjustments in 2 db increments. The tone control circuits are intended to 
compensate for record characteristics and for listener-environment acoustical 
conditions. They ore not intended to compensate for omplifier ond/or fovdspBaker 
deficiencies. Model 410 is intended for use with the highest quality professional type 
playback equipment. The output of the Model 410 is fed from o cothode-follower 
circuit and will work into any high quality audio or line amplifier having o high 
impedance input. It may also be used with o transformer for the purpose of feeding 
a 500 ohm line. Because of its flexibility, low noise and low distortion level, It is ideally 
suited for bridging and monitoring purposes and for critical listening applications. 



THE MODEL 190 ARM . . . 

is designed primarily for use with microgroove 
records. Its design has been recognized by 
leading audio engineers as that which 
incorporates all of the desirable tracking 
characteristics. Analysis has shown that for 
maximum performance with LP records the 
vertical mass of the moving arm element must 
be held to a minimum and further, that the arm 
must be counterbalanced about the vertical 
axis This permits minimum stylus or tracking 
force and provides maximum record life. 
The Model 190 Arm embodies these all Important 
features necessary for proper microgroove 
record playback. 



MODEL 230H EQUALIZER-PREAMPLIFIER.. 

is unique in its accuracy of equalization and 
frequency response. The intermodulation 
distortion is .2 per cent at normal output level. 
It Is intended for use with high quality 
amplifiers having gain and tone controls. 
When used with the Pickering Model 132E 
Record Compensator the 230H is ideal for 
radio station and recording studio use and for 
applications requiring accurate low noise 
and distortion free playback. 




MODEL 132E RECORD 
COMPENSATOR . . . 

is designed to be used in conjunction with a 
magnetic cartridge preamplifier such as the 
Pickering 230H or any preamplifier wnich 
provides 6 db per octave bass boost. Six 
playback positions are Incorporated: 

1 - European 78 rpm Records 

2- Victor 45 rpm and Decca 78 rpm Records 

3- rjo high frequency roll-off. 
500 cycle turnover 

4- AII Capitol Records new Victor 33V), 
Audio Engineering Society Curve 

5- Columbia, London and most LP Records 

6- To remove the hiss from old noisy records 
Precision elements are used in its construction 
to give accurate compensation. The 132E is 
inherently a low distortion R-C device. 



PICKERING PROFESSIONAL AUDIO EQUIPMENT 



/^.V /Ym 4m7 



® 



. . .Oemons\ta\e<i and sold by Leading Radio Paris Distributors everywhere. 
For the one nearest you and for detailed literature, write Dept. A-2. 

PICKERII\G and company incorporated • Oceanside, L.t., Neic York 
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Cable loshef appears to fight of workman. As the cable and support- 
ing strond feed through, the machine rotates, binding them together 
with steel lashing wire. Meanwhile, o winch hauls the lashed cable 
into position. 



It is a job your teleplioiie com|iaiiy faces every day. Tliou- 
saiuls of miles of calile go up each year — all secured to steel 
strand running from pole to pole. The hest way to secure 
cable is to lash it to the strand with a spiral liinding of wire. 

One way to do this is to raise cahle and strand sepa- 
rately, then lash them together hy a rotating machiiie pidleil 
along iiy workmen on the groiiiul. This produces a strong, 
tiglit siii)port for the cahle. But eacli pole has to he climhed 
as many as foin- limes. >o iiell Laboratories engineers 
devised an easier way. 

Now, lashing can he done on. ike pronnd so that cable, 
strand and lashing wiie may be pulled into jiosition as a 
complete assem])ly. Usually workmen need make only two 
trips lip eacli pole. 

For tele|)hone users, the new way means tliat cal)le can 
be installed faster, while costs are kept down. It sliows 
again how work at Bell Telephone Laboratories iinproves 
each |)art of yom- telephone system. 



Bell Telephone 
Laboratories 

IMPROVING TELEPHONE SERVICE FOR 
ffl «R ,1 AMERICA PROVIDES CAREERS FOR CREATIVE 
MEN IN MECHANICAL ENGINEERING 
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The Lateral Mechanical Im 
pedance of Phonograph 

Pickups 

J. C. WOODWARD AND J. B. HALTER* 

Part 1. A discussion of one of the characteristics of phonograph pick- 
ups which affects frequency response, as well as record and stylus wear. 
The authors analyze various types, with explanations of the results. 



THE LATERAL MECHANICAL IMPEDANCE 
of a phonograph pickup has come 
to be regarded as one of its most 
important characteristics. This is as 
it should be since the lateral impedance 
at the pickup stylus determines the 
tracking capability of the pickup and, 
consequently, the record and stylus 
wear and the tracing distortion. The 
stylus of a pickup having a large value 
of lateral impedance will not follow the 
modulation of the record groove unless 
an excessively large vertical stylus 
force is used. The combination of large 
vertical force and high lateral imped- 
ance results in rapid wear of both the 
stylus and the record. 

Notable improvements have been 
made in pickups during recent years 
through the reduction of the lateral im- 
pedance. An early and strong stimulus 
for such improvement was the need for 
pickups which would permit instantane- 
ous playback of lacquer transcriptions 
without serious wear of the record. 
Once such pickups had been developed, 
the design techniques were applied to 
pickups for home reproducers, and the 
use of commercial vinylite pressings — 
with the attendant reduction in record 
noise became practical. Still further re- 
duction of the mechanical impedance has 
made possible the use of small-radius 
styli and the microgroove records which 
have achieved considerable popularity. 
Many of these remarks apply also to the 
vertical impedance at the .stylus, since 
the pinch effect requires the stylus to 
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f'fS. 1. Diagram of electromagnetic vibrator used 
to drive a pickup stylus in a controlled manner. 



vibrate in a vertical as well as a hori- 
zontal plane for acceptable phonograph 
reproduction. However, the following 
discussion will be restricted to the con- 
sideration of the lateral impedance. 

Some phonograph pickups are char- 
acterized as having a high compliance. 
While a large value of lateral com- 
pliance, i.e., a low impedance, is un- 
deniably desirable, such a characteriza- 
tion does not tell the whole story, for 
in some frequency ranges a pickup may 
exhibit a mass reactance of significant 
magnitude. Insofar as the adverse effects 
of too large a mechanical impedance are 
concerned, a large mass reactance may 
be just as troulilesome as a stiffness re- 
actance of equal magnitude. It is ap- 
parent that a complete characterization 
of a pickup requires the measurement 
of the mechanical impedance over a wide 
range of frequencies — preferably over 
the entire audio-frequency range. 

While the desirability of a complete 
knowledge of the mechanical impedance 



fig. 2. External appearance of the four vibrators used to cover the entire frequency spectrun 

under observation. 



of a pickup has been recognized for 
some time, the actual measurement of 
mechanical impedance has been and 
continues to be a difficult matter. Vari- 
ous investigators have constructed de- 
vices'-* for the measurement of pickup 
mechanical impedance, but these have 
g:cnerally been used only within a rela- 
tively narrow range of lower audio fre- 
quencies. By using the apparatus and 
techniques to be described in the follow- 
ing section we have been able to meas- 
ure the lateral impedance of pickups 
throughout the range between 30 and 
10,000 cps. Since the complex imped- 
ance was measured, the results may be 
expressed in terms of mechanical re- 
sistance and reactance. 

Experimental Method 

Since a more detailed presentation of 
the theory of operation and of the con- 
struction of the apparatus has been given 
elsewhere,^ we shall conline our de- 
scription here to the basic principles 
necessary for an understanding of the 
method. The experimental technique is 
based on the use of a set of four electro- 
magnetic vibrators. The construction of 
the vibrators is illustrated in Fig. 1. A 
flat, steel reed .010 in. thick is the arma- 
ture of a balanced electromagnetic driv- 
ing system. The upper end of the reed 
is bent over to provide a small platform 
in which V grooves have been cut. The 
stylus of a pickup being tested is set in 
one of the grooves. When an alternating 
current passes through the coil of the 



AUDIO ENGINEERING 



lUNE, 1953 



' A. M. Wiggins, "Mechanical impedance 
bridge." /. .4coiis. Soc. Am., 15, 50-53; 
July. 194.?. 

- B. B. Bauer, "Measurement of mechani- 
cal conipliance and damping of phonograph 
pickups," /. Acoiis. Soc. Am., 19, 319-321 ; 
March, 1947. 

= H. A. IVarsoii, R. W. Carlisle and H. 
Gravis, "Vibrators for measurement of re- 
sponse and compliance of phonograph pick- 
ups." /. Acous. Soc. Am., 20, 830-833; Nov. 
1948. 

* .'\. M. Wiggins, "Compliance meter for 
pickups" Electronics, 22. 94/95 : Oct. 1949. 

= J. G. Woodward and J. B. Halter, "The 
measurement of the lateral mechanical im- 
pedance of phonograph pickups," /. Acous. 
Soc. Am., 25 ; March 1953. 
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vibrator the reed is set into flexural 
vibration and the pickup stylus is forced 
to vibrate laterally at the frequency of 
the driving current. 

A small capacitance-pickup electrode 
is situated near the upper end of the reed 
and is used to measure the motion of the 
reed. The alternating voltage generated 
at the electrode has the frequency and 
phase of the reed vibration and has a 
magnitude proportional to the amplitude 
of the vibration. When the reed has no 
mechanical load and the driving current 
is held constant, the electrode voltage 
has a magnitude, | eo | , and a phase angle, 
00. When a phonograph pickup is in the 
test position the reed motion is altered 
in a manner depending on the pickup 
mechanical impedance, and the electrode 
voltage has a magnitude, \e\, and a 
phase angle, <P. Phase angles are meas- 
ured relative to the driving current in 
every instance. It can be shown' that 
the mechanical impedance, Zul, of the 
pickup, referred to the stylus tip, is given 
in terms of the electrical measurements 
bv 



4'-f>n)~l ) (1) 



Zuo is the complex mechanical im- 
pedance of the vibrating reed, itself. 
This quantity, which must be known at 
each frequency, is established for each 
reed by a calibration procedure using 
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Fig. 4. (Top) Diagram of cross section of 
pickup used to obtain measurements of Fig. 3. 
(center) Representation of mechanical system 
of the same pickup, and (bottom) its complete 
equivalent circuit. 

20 




Fig. 3. Typical measurements obtained from ob- 
servations on a modern microgroove crystal 
pickup, using the vibrators of Fig. 2 as the 
driving elements. 

loads having known mechanical imped- 
ances. 

The procedure for measuring the me- 
chanical impedance of a pickup is the 
following. The pickup stylus is carefully 
seated in one ot the grooves on the reed 
platform and J^l and 0 are measured at 
each frequency of interest, using a 
vacuum-tube voltmeter and a phase 
meter for this purpose. Then the pickup 
is removed from the vibrator and \eo\ 
and 00 are measured at each frequency. 
These measured quantities are substi- 
tuted in Eq. (1) together with the ap- 
propriate values of Zuo, and are thus 
used to compute the unknown imped- 
ance, Zul, of the pickup. The impedance 
computed in this way may be expressed 
either as magnitude and phase angle oi 
as mechanical resistance and reactance, 
the choice of form being one of con- 
venience or of personal preference. 

Since the pickup is always mounted 
in some sort of pickup arm during the 
impedance measurement, the computed 
impedance is not, strictly speaking, that 
of the pickup, but is rather the impedr 
ance of the pickup in conjunction with 
the particular arm used. This is an ad- 
vantage since the mechanical impedance 
of a complete pickup-pickup arm assem- 
bly as it would be used in a phonograph 
system may be studied. When it is de- 
sired to measure the impedance of the 
pickup alone, it may be mounted in a 
specially designed arm which does not 
contribute to the mechanical impedance 
in the frequency range of the measure- 
ments. 

Each of the four vibrators which con- 
stitute the set previously mentioned has 
a construction similar to that shown in 
Fig. I. The vibrators differ only in scale 
to permit their use in different frequency 
ranges. Thus, the lowest-frequency vi- 
brator is used between 30 and 600 cps. 
The highest-frequency vibrator is used 
between 500 and 10.000 cps. The inter- 
mediate vibrators are often not neces- 



sarv. but are sometimes used to obtain a 
check on measurements made with the 
other two vibrators. 

The vibrators are mounted on dural 
blocks fitted with plug-in connectors to 
permit a rapid and easy interchange of 
vibrators during a test. The four vi- 
brators are shown in Fig. 2. 

Typical Result 

The mechanical impedance has been 
measured for a number of pickups of 
various types. The measured impedance 
of a crystal microgroove pickup is shown 
in the lower part of Fig. 3. Measure- 
ments were made with the pickup 
mounted on two different pickup arms. 
Pickup arm "A" was the arm supplied 
with a record player in which the pickup 
was customarily used. Pickup arm "B" 
was a special laboratory model. The im- 
pedance data are plotted as resistance 
and reactance in mechanical kilohms. 
Resistance values are, of course, always 
positive. Reactance values may be either 
positive or negative. A positive react- 
ance means that the effective impedance 
at the stylus tip is a mass. A negative 
reactance means that the effective im- 
pedance at the stylus tip is a compliance. 

The response-frequency characteris- 
tics for the pickup mounted on the two 
arms are shown in the upper part of Fig. 
3. This characteristic was obtained by 
means of a pickup calibrator." During a 
test the calibrator forces the pickup 
stylus to vibrate laterally with an ac- 
curately known and controllable ampli- 
tude and at any desired frequency within 
the audio range, thus permitting rapid 
and convenient measurements of the 
pickup response. The stylus is driven 
at constant amplitude below and con- 
stant velocity above 500 cps with a 
smooth transition in the crossover re- 
gion. An idealized response of a crystal 



oj. G. Woodward, "A feedback -con- 
trolled calibrator for phonograpli pickups," 
RCA Review 11, 301-309; June, 1950. 

(Continued on page 52) 
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Fig. 5. The curves at the top show the re- 
sistance and reactance of a typical mechanical 
resonant circuit shown in equivalent form in the 
diagram at the bottom. 
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Simplified Push-Pull Theory 

JULIUS POSTAL* 

Part 2. Continuing the discussion of push-pull operation and why second-harmonic distor- 
tion is reduced or cancelled completely whereas third-harmonic distortion is not affected. 



FUXDAME.VTAI. FUNCTION' I NG of the 
push-pull output Stage was dis- 
cussed ill Part 1 of this paper last 
month, and the voltage relations ob- 
taining in the two tube circuits were 
shown to produce two equal and op- 
posite signals of increased amplitude 
when the grids were fed with signals 
of equal amplitude and opposite phase. 

Up to this point, this discussion has 
given us no indication as to why such 
a stage cancels out second-harmonic 
distortion which is generated within 
the stage itself. The reasons for this 
will become apparent as we examine 
what happens when we apply to the 
push-pull grids a pair of signals which 
are identical in frequency, waveform, 
and amplitude, and of the same phase. 

Using the push-pull circuit as before, 
suppose we apply a pair of identical iu- 
phase sine-waves, each having an ampli- 
tude of 1 volt, to the two grids. This 
is the situation set forth in Fig. 10. 

At 0 deg. of the input signal to each 
tube (Fig. 11), the voltage pattern will 
be that of the now familiar quiescent 
state. 

At 90 deg., the fact that the signal 
at each grid rises by 1 volt brings about 
a 14 volt fall in the voltage at each 
plate. This is shown in Fig. 12. But 
what does our zero-center voltmeter 
indicate? It indicates nothing. The 
needle does not even budge. Why? 
Since, with respect to ground, the volt- 
age on both plates have moved down- 
ward in unison, they are both at the 
same potential with respect to ground. 
Ill short, there is no difference of po- 
tential across them. Since there is also 
no difference of potential across the 
phones, no current flows through them. 

At 180 deg., the mid-point of both 
input cycles, the voltage pattern is as 
given in Fig. 13. 

At 270 deg., both input waves are at 
their negative peaks. Both control grids 

* 435 Warwick St.. Brooklyn 7, N. Y. 
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Fig. 10. Two identical in-phase waves, each 
having the same amplitude, are applied to the 
grids of the push-pull stage. 

have become negative by 1 volt and 
both plates have gone up by 14 volts 
to 214 volts. (Fig. 14) Once more, we 
must face the fact that no difference 
of potential exists between the two 
plates. 

At 360 deg., the tail-end of both in- 
put cycles. Fig. 15 applies. 




Fig. 12. Two in-phase signals at 90 deg. Note 
that the voltmeter indicates zero potential 
difference across the two plates. 



Fig. 11. Two identical signals are applied, 
with the relations shown for the 0-deg. point 
of the cycle. 

The conclusion to be drawn from all 
this is that when a pair of equal and 
i)i-phase signals is applied to the grids 
of a balanced push-pull stage, both 
plates rise and fall in unison. 

No matter what point in the input 
signal cycle we choose, and regardless 
of what the voltage across each plate 
and ground happens to be at any par- 
ticular instant, both plates are always 
at the same potential with respect to 
ground. 

Therefore, there is absolutely no dif- 
ference of potential at any time between 
the two plates themselves. The voltmeter 
between the plates reads zero voltage 
and no current whatever flows in the 
earphones. The foregoing is summarized 
in Table II. 

In short, if a pair of equal, in-phase 
signals are fed to the control grids of 
a balanced push-pull stage, the voltage 
at each plate will swing with respect 
to ground, but there will be no volt- 



age swing between the two plates and 
therefore no output voltage across the 
plates. 

The same applies to any signal — hum, 
or other disturbance — which reaches 
both of the push-pull tubes iH-phase, 
whether it arrives via the control grid 
circuit or from the power supply via 
the plate circuit. 

Over-biased Operation 

We shall now try to prove graphically 
that when we deliberately operate a 
push-pull amplifier in such a way that 
the bias on each of the push-pull tubes 
is greater than Class A bias (as in class 
ABi or class ABs), we are, in effect, 
guaranteeing that on large signals (i.e., 
signals large enough to swing each tube 
off the straight-line portion of its char- 
acteristic and onto the curved portion) 
a greater or lesser amount of second- 
harmonic energy will be generated in 
each one of the pu.sh-pull tubes. In each 
case, this second harmonic component 
will he added vectorially to the funda- 
mental. 

A scope (preferably one with a bal- 
anced input circuit) or a harmonic 
analyzer (if one happens to be availa- 
ble) will show that this second har- 
monic energy is present between each 
push-pull plate and ground or between 
each push-pull plate and the B+ con- 
nection point.' 

On the other hand, if the indicating 
instrument is connected across the two 
piish-pull plates, there will be no sign 
of a second harmonic. 

If the earphones are connected from 
either plate to ground or from either 
plate to the center-tap of the transformer 



* The 13+ point is practically at a.c. 
ground potential— to all but the lowest 
audio frequencies — because of the output 
filter capacitor of the power supply. This 
capacitor is usually connected between the 
B+ point and ground. 
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Fig. 13. When the two signals are at 180 deg. 
the situation is the same as during the quies- 
cent state. 
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Fr;. 14. At 270 deg. the voltage at each plate 
has increased by the same amount, but there 
is still no difference of potential between the 
plates. The pointer of the meter remains sta- 
tionary and no current flows through the 
phones. 

primary, the current flowing in the 
phones will immediately show evidence 
of a second harmonic. And the latter 
may be of appreciable magnitude. 

But if the phones are connected be- 
tween the two plates and if the stage 
is perfcclly balanced, no second har- 
monic energy will How in the phones. 

Since hardly any push-pull stage is 
perfectly balanced in practice, the sec- 
ond-harmonic component will never be 
completely absent in the final output; 
it will tend generally to be rather small 
in amplitude, however, even under prac- 
tical operating conditions. 

A strong fundamental will be present 
regardless of whether the output volt- 
age is taken off single-ended or push- 
pull. The second harmonic energy which 




Fig. 16. Output waveform of a stage which 
is operating non-linearly and into which a 
pure sine wave was originally fed. This is a 
distorted or complex wave. 

has been generated in each half of the 
push-pull .stage will not be noted if the 
output signal is taken off between one 
push-pull plate and the other. 

Graphical Analysis 

Why this happens can be explained 
very neatly by Fourier analysis. Let 
us see, however, what can be done zvilli- 
out mathematics — by simple graphical 
analysis : 

First, suppose we fi.x firmly in mind 
the well known fact that the oidy wave- 
form consisting of just one single fre- 
quency and no (ithcr is a pure sine wave. 

Any time a pure sine wave is fed into 
an amplifier and comes out altered in 
any way, it can be shown that new fre- 
quencies not originally present in the 
input signal have been added to it dur- 
ing its passage throuph the amplifier. 
The same applies whenever we declare 
that a sine wa\ e has undergone distor- 
tion; we are saying, in effect, that new 
frequency components have been added 
to it. 

By definition, a sine wave to which 
other frequency components have been 



added, is considered a "complex" wave. 

Assume now that we are feeding a 
pure sine wave into an amplifier and 
that an oscilloscope shows the output 
wave-shape to be the "distorted" or 
complex wave ot fuy, 10. 

This type of distortion — namely, the 
flattening of one half-cycle and the 
elongation of the other — is quite com- 
mon when a stage or a series of stages 
is operating non-linearly. 

More specifically, such distortion oc- 
curs when for some reason, like incor- 
rect bias, the operating point of a tube 
has been shifted away from the center 
of the straight-line portion of its char- 
acteristic and, at the same time, the 
strength of the applied signal is great 
enough to swing the tube on to one of 
the curved or non-linear portions of the 
characteristic. 

How this distortion — or change in 
the original wave shape — comes about 
can be shown graphically by simple 
algebraic addition. 

Figure 17 shows the pair of wave- 
forms which are to be added. The 
fundamental is a sine wave of frequency 
/. The shorter waveform, 2f, has twice 
the frequency of the fundamental and 
is therefore its second harmonic. The 
amplitude of the second harmonic shown 
here is approximately 20 per cent that 
of the fundamental. If the phase rela- 
tionship of these two waves is that 
shown in Fig. 17, we can expect them 
to add vectorially as depicted in Fig. 18. 
The resultant is the waveform drawn 
in dotted line. It will- have a more or 
less flattened positive half cycle and an 
elongated negative half cycle. When the 
amplitude of the second harmonic with 
respect to the fundamental e.xceeds a 
value of approximately 20 per cent, the 
resultant will tend to develop a dip or 
valley in that half cycle which here ap- 
pears flattened. 

It should be noted that whenever a 
stage is operating nonlinearly — i.e., 
generating second and other even-order 
harmonic distortion — its plate current 
will show evidence of a so-called "d.c. 
component" which is not present during 
linear amplification. 

This d.c. component (also known as 
the steady or rectified component, de- 
pending on the particular nomenclature 
used) is omitted in the accompanying 
waveform drawings for the simple rea- 





ZERO 
CENTER 
VOLTMETER 



NO 

CURRENT 
FLOWS 
THROUGH 
THE 

PHONES 



Fig. 15. At 360 deg. the voltage picture is 
the same as during the quiescent state. At 
no time during the cycle has the meter reg- 
istered any potential difference, nor has any 
current flowed through the phones. 



son that these diagrams are predicated 
on the use of an ordinary oscilloscope — 
that is. one which is not direct-coupled. 
Such an oscilloscope will not pass the 
d.c. component. (F'or that matter, neither 
will any R-C coupled amplifier or any 
interstage or output transformer.) 

A complete treatment of the d.c. com- 
ponent is outside the scope of this dis- 
cussion. Suffice to say that the d.c. com- 
ponents which arise in the two halves of 
a balanced push-pull stage that is operat- 
ing nonlinearly are always of equal 
magnitude and in the same direction, at 
any given moment, with respect to the 
<iuiescent-state place-current axis ; there- 
fore, they produce no difference of po- 
tential at any time across the push-pull 
plates. Although these d.c. components 
are present in the series current of the 
])ower supply, they do not appear in the 
output signal which is taken off across 
the two pushpull plates. 




Fig. 17. Two sine-wave components com- 
prising the complex wave of Fig. 16. The 
signals shown are the fundamental, f, and the 
second harmonic, 2f, which has an amplitude 
approximately 20 per cent of the fundamental. 



Fig. 18. Vectorial addition of the fundamental 
and its second harmonic. The dotted line is 
the resultant. 



If the distorted output waveform in 
Fig. 16 (one flattened half cycle and one 
elongated half cycle) is seen on an 
oscilloscope connected across the upper 
plate of our push-pull stage and ground 
or the center-tap, we may also expect 
to find the same kind of distorted signal 
across the lower plate and ground, ex- 
cept that there will be a 180-deg. phase 
dilterence. (Fig. 19) The comple.x wave 
present between the lower plate and 
ground or CT can also be shown to be 
made up of a fundamental and a second 
harmonic in the phase relationship 
shown in Fig. 20. (Note that it is once 
again equal to about 20 per cent of the 
fundamental.) Vectorial addition of the 
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Fig. 19. Waveform between the lower push- 
pull plate and ground when the distorted 
wave of Fig. 16 appears at the upper plate. 



two waves is represented in Fig. 21. 
Once again the dotted line indicates the 
resultant. 

The waveform information for both 
halves of the push-pull stage is sum- 
marized diagramniatically in Fig. 22. 
Observe that in each case tlie funda- 
mental frequency components are out 
of phase; they will therefore yield ampli- 
fied signal output voltage across the 
push-pull plates and across the head- 
phones, too. This amplified signal will 
naturally have the same frequency as 
the fundamental. 

Now examine tlie phase relationship 
of the second harmonic components of 




Fig. 20. Vectorial addition of waveforms on 
the lower plate. Note that while the funda- 
mental is 180 deg. out of phase with that of 
Fig. 19, the second-harmonic components of 
Ihe two diagrams are in phase. 



the two complex waves. The second 
harmonics, interestingly enough, are 
i?i-phase. Moreover, they are identical 
in shape and have exactly the same 
amplitude. They will therefore "get 
lost" across the two push-pull plates 
and there will be no second-harmonic 
component in the currents flowing 
til rough the phones. 

What holds true for the second 
harmonics of the two complex waves 
will liold equally true for their 4th 
harmonics, 6tli harmonics, 8th har- 
monics — in fact for any eiieii-order 
frequency components which are added 
to the fundamental during its passage 




Fig. 21. Complex wave of Fig. 20 can be shown 
to be made up of fundamental, f, and second 
harmonic, 2f, with the amplitude of the latter 
approximately 20 per cent of the former. 



through the push-pull stage. All these 
even -order components will be tii-phase 
and will therefore cancel out and disap- 
pear. 

In all this reasoning we have as- 
sinned that each one of our push-pull 
tubes has a straight-line portion. The 
truth of the matter is that this so-called 
straight-line portion is only an idealiza- 
tion of something that does not really 
exist in reality. Fortunately, however, 
the departure from genuine linearity is 
not too serious in most cases. 

The gratifying thing about the push- 
pull connection is that it tends to cancel 
out or reduce even-order components 




Fig. 22. lA) analyzes the waveform on the 
upper plate, while (B) shows that on the 
lower plate. The fundamentals are opposite 
in polarity, but the second harmonics are in 
phase, and thus cancel out. 



caused not only by deliberate operation 
on the lower bend of each tube's char- 
acteristic, but also those which arise 
due to the inherent irregularities in 
this so-called "straight-line portion". 
The only thing needed in piactice for 
the dramatic reduction of such distor- 
tion is the best possible balance at- 
tainable in the two halves of the stage. 

Odd-order Harmonics 

Thus far we have considered what 
happens to even-order components of 
the fundamental frequency in a push- 
pull stage. Let us now turn to the mat- 
ter of third and other odd-order har- 
monics. 

Assume a vacuum tube biased exactly 




Fig. 23. Typical distorted or complex wave- 
form of over-driven output stage. For sym- 
mertical overloading, the tube must be biased 
at the center of the straight-line portion of 
its characteristic. 



at the center of the truly straight 
straight-line portion of an ideal char- 
acteristic. 

Assume a sine-wave signal of such 
magnitude as to overload the amplifier 
and yield the familiar waveform of Fig. 
23, which is reminiscent of over-driven 
amplifiers. 

Notice that this present waveform is 
symmetrical both above and below the 
horizontal axis. This can occur only 
if the tube is biased to operate at the 
center of the straight-line portion of 
its characteristic. Under such circum- 
stances, if too large a signal is applied, 
tlie amplifier overloads, as expected, 
but — syminelrically. 

Obviously, the resultant is no longer 
the pure sine wave with \vhich we be- 
gan. Rather, it is a complex wave con- 
sisting of a fundamental plus its third 
harmonic. The two halves of the wave- 
form — that is, the portions of the ^vave- 
form which lie on either side of the 
horizontal axis — are actually "mirror 
images" of each other. This is typical 
of any wave made up exclusively of 
(Continued on f>aj€ ftS) 
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Fig. 24. Graphical representation of the fre- 
quency components which comprise the wave- 
form of Fig. 23. The fundamental is and its 
third harmonic is 3f. The resultant is shown 
as a dotted line. 



TABLE II 

Summary of the voltage distribution pattern at five different instants for a pair 
of in-phasc input signals having the same amplitude and waveform. 
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The Pass Band of a 
Transformer-Coupled Amplifier 



J. F. SODARO* 

A discussion of the transmission characteristics of an audio transformer and the param- 
eters which affect it. The author reduces calculations to a minimum by the use of an abac. 



THE DESIGNER is often confronted with 
the problem of rapidly determining 
the pass band of a transformer- 
coupled amplifier. Straightforward ap- 
plication of the pertinent formulas is a 
tinic-consnming process even with the 
aid of a slide rule. It is the purpose of 
this article to furnish a rapid, direct- 
reading calculator for the one- and 
three-decibel attenuation frequencies. 
The c.-dculator may also be used to select 
combinations of circuit parameters 
which afiford a specified band width. 

To review quickly the equivalent cir- 
cuits which are used for this type of 
calculation, refer to Fig. 1. In these 
simplified schematics for an output 
transformer, primary capacitance, hys- 
teresis, and eddy-current resistance are 
neglected, and the turns ratio is reduced 
to unity. The leakage reactance at low 
frequencies and the shunt inductance at 
high frequencies are disregarded. Sec- 
ondary circuit parameters are referred 
to the primary side by using the turns 
squared factor.' 

The relative gain at low and high fre- 
quencies as compared with mid-fre- 
quency gain depends upon the values of 
the effective circuit resistance r' and r" 
as compared with the corresponding 
inductive reactances. Thus, at low fre- 
quencies r', which is Rp and Ro in paral- 
lel, is compared with the primary induc- 
tive reactance to determine relative gain. 
At high frequencies r", which is Rp and 
Ro in series, is compared with the leak- 
age inductive reactance. 



* 2924 Sclby Ave. Los Angeles 64. Calif. 

' F. E. Tcrman. Radio Engineers Hand- 
book. \ew York : McGraw-Hill Book Co., 
1943; pp. 385-388. 



Equivalent Circuit Components 

Circuit component values correspond- 
ing to those in Fig. 1 can be measured 
easily if these data are not available 
from the manufacturer. The required 
parameters are primary and secondary 
winding resistance, primary incremental 
inductance, leakage inductance, and the 
turns ratio. Load resistance is generally 
known and plate resistance is dependent 
upon tube operation. With this informa- 
tion on hand the equations in Fig. 1 can 
be utilized. 

Winding resistance is generally meas- 
ured with a resistance bridge. Although 
the a.c. resistance is desired, the d.c. 
resistance can be substituted in the 
audio-frequency range. When multiple 
windings are involved care must be 
taken to group properly those windings 
which constitute the complete primary 
or secondary. 

It is important that the primary in- 
ductance be measured at a suitable fre- 
quency with adequate applied voltage. 
By this method the measureil inductance 
is more representative of circuit condi- 
tions in the lower cut-ofif region. The 
usual values are 10 volts applied at 60 
cps. This is minimum voltage which 
will produce a core flux density rep- 
resentative of normal operation for most 
transformers. The Hay inductance 
bridge may be used and the transformer 
secondary should be open-circuited. 

If the circuit being designed is single- 
ended, the d.c. magnetization current 
must also flow through the primary 
winding (assuming series feed) when 
incremental inductance is measured. The 
amount of current should be the antici- 
pated plate current plus that current 





LOW-FREQUENCY CIRCUIT 



e, - INPUT VOLTAGE 

e«- OUTPUT VOLTAGE 

rp - PLATE ICR SOURCE) RESISTANCE 

- LOAD RESISTANCE 

r, - PfUMARY WINHNG RESISTANCE 

- SECONDARY WINDING RESISTANCE 

r , R,+ R. 



HIGH- FREQUENCY CIRCUIT 



n - TRANSFORMER TURNS RATIO 
It - PRIMARY INDUCTANCE 
li - LEAKAGE INDUCTANCE 
Rp.Tp + 

R„» n' (r + r,) 



"*/(R, . R,) 



Fig. 1. Equivalent circuits of on audio transformer for low and high frequencies. 



drawn through the primary winding by 
any other element such as the screen 
grid of a triode-connected pentode. 

Leakage inductance is determined by 
the measurement of primary inductance 
when the secondary is short-circuited. 
An inductance bridge may be used. This 
measurement can be made at any con- 
venient frequency and without passing 
direct current through the winding. 

Finally, the turns ratio is measured 
by applying an a.c. voltage from a signal 
generator to the primary and measuring 
the resulting secondary voltage with a 
vacuum-tube voltmeter. The signal gen- 
erator should be adjusted to a mid-band 
frequency in order to avoid high- or low- 
frequency attenuation. 

Graphical Calculations 

The 1- and 3-db attenuation frequen- 
cies can be determined rapidly for a 
given circuit by reference to the nomo- 
gram of Fig. 2. Low-frequency cutofif 
can be read on the left portion and high- 
frequency cutofif on the right portion of 
the chart. Thus, to determine the low- 
fre(|uency cutofif, select the value of ef- 
fective resistance on the r' scale and the 
value of primary inductance on the Lp 
scale. Join these points with a straight 
line and find the 1- and 3-db attenuation 
frequencies at the intersection of this 
line with the / scale. 

To determine the upper limits of the 
pass band, enter with the efifective re- 
sistance r". Join this point and the leak- 
age inductance value on the L> scale 
with a straight line. Once more the at- 
tenuation frequencies are found at the 
intersection of this line with the cor- 
responding / scale. 

Both of the above procedures are 
reversible. In this way a specified fre- 
quency can be selected, a straight-edge 
can be pivoted about this point, and 
combinations of inductance and resist- 
ance observed which will yield the de- 
sired frequency. 

In the case of push-pull class A and 
class AB amplifiers, the same procedure 
can be used provided that the plate re- 
sistance is taken as twice the value for 
a single tube. 

When applying this method to pen- 
todes and beam power tubes the calcu- 
lated upper cutofif may be high due to 
the large source resistance. In these 
cases the measured attenuation may be 
controlled by circuit capacitance rather 
than source and load resistances as 
shown in Fig. 1. .\nother precaution 
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which should be kept in mind is that the 
appUcation of negative feedback will in- 
crease the pass band and decrease the 
amplification of all stages within the 
feed-back loop 

Example 

Consider the Triad HSM-89 trans- 
former coupling push-pull KT-66's as 
Class A triodes to a 16-ohm voice coil. 
For this application the total plate re- 
sistance is 10,000 ohms (twice the single 



tube value). Primary resistance is 265 
ohms and secondary resistance is 0.489 
ohms. Primary inductance is approxi- 
mately 233 henries and leakage induct- 
ance is 35.7 millihenries. The turns 
ratio is 23 and )i- is 529. 

The load resistance referred to the 
primary is 529(16 + 0.489) or 8720 
ohms. The effective resistance / is 
8720 X 10.265/(8720 + 10.265 ) or 4720 
ohms, and is 8720 + 10,265 or 18,985 
(use 19,000) ohms. 



Construct a straight line from 4720 
on the r" scale to 0.0357 on the L> scale. 
Read 3.2 and 6.3 on the / scale. Thus, 
the lower 3-db frequency is 3.2 cps and 
the 1-db frequency is 6.3 cps. 

Ne.xt, draw a straight line from 19,000 
on the r" scale to 0.0357 on the Ls scale. 
Read 43,000 and 85,000 on the / scale. 
Thus, the upper 1-db frequency is 
43,000 cps and the 3-db frequency is 
85,000 cps. 
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Fig. 2. Nomogram for determining the 1- and 3-db attenuation frequencies of an audio transformer. 
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Fig. 1. A collection 
of several useful 
items needed in the 
maintenance of a 
tape recorder. 



Top Tape Recording Performance 

HAROLD REED'^ 

A discussion of some of the non-electronic factors 
affecting quality recording and reproduction of sound. 

IN ADDITION- TO maintaining tlie elec- 
tronic section of a tape recorder in 
sucli condition that it will give the 
niost efficient performance of which it 
is capable, it is of the utmost impor- 
tance — in the interest of faithful record- 
ing and reproduction of sound — that 
the mechanical system be kept in peak 
operating- status. This entails checking 
and testing of the various component 
parts of the mechanical layout, and 
especially — if the equipment is sub- 
jected to long hours of use. such as 
occurs in radio broadcasting and re- 
cording studios — this inspection and 
investigation into the competency of the 
system to approach recognized stand- 
ards must be frequent. 

One of the most important considera- 
tions is the alignment of the recording 
and playback heads. When only one re- 
corder IS Ijeing used and this machine 
is employed both to recoid and to repro- 
duce the program material, and pro- 
vided the recorder utilizes one head for 
both recording and reproduction, then 
some misalignment of the head does 
not necessarily result in sub-standard 
performance. In this circumstance the 
tape is drawn over the same head dur- 
ing both the recording and playback 
operations and, as the misalignment 
factor is identical for each operation, 
quality reproduction response may be 
obtained. This harmonious state of 
affairs is not in evidence when several 
recorders are in service and reproduc- 
tion may be assigned to any one of the 
machines, nor when the mechanism 
employs separate record /playback 




* Chief Engineer WOL, 1000 Connecticut 
Ave., Washington 6, D. C. 



heads, unless all heads are in proper 
alignment. Further, inferior results may 
be obtained when playing tapes received 
from outside sources. 

Incorrect head alignment manifests 
itself in poor quality in the form of 
muddy, distorted response, lacking in 
brilliance due lo deficiency in repro- 
duction of the higher audio frequencies 
present in the original program mate- 
rial. 

In the moderate price range, Magne- 
cord recording equipment has proven 
to be quite popular and considerable 
thought and attention has been given to 
maintaining its mechanism in a high 
state of efficiency. The procedures out- 
lined in this discussion, although based 
on tests with this particular mechanism, 
may generally be applied to other re- 
corders. 




Fig. 2, Stand- 
mounted V e e d e r 
counter is coupled 
to the capstan by 
means of a flexible 
shaft and the fitting 
described. 



"Standard" Tape 

To afford intcrcliangeability of tapes 
between recorders the head gaps must 
necessarily be in alignment with each 
other. One suggested procedure, for a 
recordei- with a single record/playback 
head, is to feed the signal output from 
an audio oscillator at about 7500 cps 
for 7'/2-in. machines, or 15,000 cps for 
15-in. machines, into one of the ampli- 
fiers, recording this signal for use as 
a "standard" for all others. This so- 
called standard tape is then reproduced 
on each of the other machines and the 
head adjusted to obtain maximum out- 
put from each recorder by observing the 
volume indicator or other signal level 
indicating device. The head adjustment 
consists simply in turning an adjust- 
ment screw in or out with a screwdriver 
to change the physical position of the 
head gap with respect to the tape, until 
maximum response is acquired. This 
procedure will ensure good high-fre- 
f|uency response for all the machines 
aligned in this manner even if the unit 
used as a standard is in misalignment. 
However, as indicated previously, tapes 
received from outside souices that may 
have been recorded on a mechanism in 
perfect alignment may not faithfully 
reproduce the program material when 
played on recorders aligned as indicated 
above. 

A more satisfactory way to accom- 
plish head alignment is to employ a 
standard alignment tape such as is used 
in the factories of recorder manufac- 
turers, and obtainable from most large 
jobbers. It is simply then a matter of 
adjusting each machine for maximum 
output as the standard tape moves over 
the head. 
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So far we have considered the re- 
corder containing a single head for re- 
cording and reproducing, and of course, 
an erase head. In the case of machines 
containing a three-head assembly — that 
i;- ^oparate record, reproduce, and erase 
head> — the same standard alignment 
tape is used but the procedure is not 
quite as simple as with the single head 
-unit. 

The playback head is aligned first. 
These assemblies contain locking screws 
at the bottom of both heads, which must 
first be loosened. Then with the re- 
corder set on playback, and the align- 
ment tape running over the assembly, 
back oft tlie aligimient screw — accessi- 
ble through a small hole in the front of 
the ca>e of the head — to establish defi- 
nitely that the head is out of alignment, 
as indicated by the volume indicator. 
The Kicking screw under the playback 
head is then tightened, and the align- 
ment screw turned in a clockwise direc- 
tion to bring the head into alignment, 
as noted by nia.ximum indication on 
the meter. If the alignment screw is 
turned too far — that is, beyond the peak 
response indication on the volume indi- 
cator — it will be necessary to start again 
at the beginnim; of the process. 

The record head nuist now be brought 
into aligimient. The standard tape is 
removed from the recorder and a blank 
tape in.-talled on the machine. With the 
standard alignment tape on another re- 
corder, ita output is fed into the ma- 
chine being adjusted, which is now set 
in RECORD position. Adjustment pro- 
cedure as described for the playback 
head is followed, again obtaining maxi- 
mum indication on the volume indicator 
connected so as to measure the oupnt 
of the machine being adjusted. This 
complctea adjustment of the three-head 
assembly. If the second recorder is not 
available, an audio oscillator can be 
used as the source of the high-frequency 
signal fur this alignment procedure. On 
heads without locking screws it is ad- 
visable, alter alignment, to place a small 
dab of speaker cement on the adjusting 
screw head where it rests against the 
head case, to prevent changes due to 
vibration of the machine. This cement 
is easily broken loose when further 
alignments are to be made. 

Worn heads will result in poor fre- 
quency response, this condition mani- 
festing itself in a falling off of the 
higher audio lre(|iieiicies. The heads can 
be expected to give satisfactory service 
for about 1000 hours or more, depend- 
ing upon such factors as the care with 
whicli the mechanism is handled and 
the operating speed employed. Tape 
should never be in contact with the 
heads during the high speed rewinding 
process. Dirty heads also contribute to 
a los~ of the higher audio frequencies. 
Some of the minute particles of the 
tape coating wear off and cling to the 
head laminations. Thus the heads should 
be cleaned frequently with a lintless 
cloth and absolutely clean carbon tetra- 
chloride. 

I'lrasc heads normallv have con- 




Fig. 3. Method ot using string and spring 
balance to measure the pull of the mechanism 
in ounces, for later transformation to torque 
in inch-ounces. 

siderably greater life than the record/ 
playback heads and usually ref|uire no 
physical adjustment. If the bias oscil- 
lator is supplying the proper erase volt- 
age and the tape is not being erased 
completely, the erase head should be 
replaced. Heads may be obtained on a 
revolving stock basis, credit being given 
for return of the worn head to the 
factory. 

Speed Accuracy 

To obtain top performance, the re- 
corder mechanism must be maintained 
at the correct rotational speed. With- 
out close .speed control, not only will 
timing errors in reproduction occur, but 
pitch variations may become noticeable. 
Several methods were tried in an at- 
tempt to determine easily the speed of 
any recorder, to correct speed dis- 
crepancies, and to keep timing errors 
within a reasonable tolerance. 

It was estimated that at the popular 
lYi in./sec. tape speed. 562.5 feet of tape 
should pass over the heads in 15 min- 
utes, 1125 feet passing over in 30 min- 
utes. For this test a new recording tape 
was marked off with a steel tape meas- 
ure, and white spl icing-tape markers 




Fig. 4. Take-up assembly of Magnecorder, 
showing the clutch with the knurled split 
adjustment nut at the end of the shaft. 
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were attached at 187.5, 375, 562.5, and 
1125 feet, corresponding respectively to 
5, 10. 15, and 30 minutes. In normal 
operation of the mechanism the marker 
of any particular footage should be 
drawn over the head at the correspond- 
ing time required to pass this amount 
of tape. 

Another method is to employ a leader 
and timing tape which is available in 
l.^O-ft. reels in various forms to indi- 
cate known lengths, with marking 
means at fixed intervals. Several of 
these timing tapes can be spliced to- 
gether and markers attached at any 
time intervals desired. Figure 1 shows 
a typical timing tape, a marker on a 
piece of standard tape, and several other 
aids to recorder maintenance. 

An interesting technique tried in this 
speed control problem consisted of 
counting the revolutions per minute of 
the recorder capstan. In testing new 
Magnecorders it was learned that the 
rotational speed of the capstan was 
about 6.35 revolutions per second, 381 
per minute, 5715 per 15 minutes and, 
1 1430 per 30 minutes. A tachometer 
was used to clock the capstan speed 
and although a practical method, there 
was concern about the accuracy because 
of the possibility of reducing the speed 
clue to the pressure required to engage 
the tachometer to the capstan. 

What was considered a more satis- 
factory method was in the use of a 
X'eeder counter. The torque necessary 
to turn the counter is negligible so 
that no appreciable error occurs when 
it is connected to the capstan. A short 
length of l4-in. copper tubing was used 
to couple the llexible shaft from the 
counter to the capstan. With a hack 
saw, a slot was cut across the tubing 
diameter so that it fitted in the cou- 
liling at the end of the counter llexible 
drive. A machine screw with the cor- 
rect thread to lit the capstan shaft, was 
soldered into the opposite end of the 
copper tubing. This affords direct drive 
between the capstan and Veeder coun- 
ter. With the recorder and counter run- 
ning, the rotational speed in revolutions 
per minute is clocked with a stop watch. 
The counter was fitted with two small 
banana |)lugs, which in turn fit into 
banana jacks mounted on a metal sup- 
port. This assembly is attached to a 
wooden base, which rests on the bench 
or talile and eliminates the need for 
holding the counter during the check- 
ing. The arrangement is shown in 
/•■'£/• 2. 

Tape Tension 

A number of factors contribute to 
timing errors and speed variations. 
Clutches at the rear of b(jth the supply 
and take-up reel spindles are employed 
to produce the jiroper tape tension to 
prevent either throwing or stalling of 
the tape. Clutch friction on the supply 
reel should be just great enough to pre- 
vent tlnowing the tape when the mecha- 
nism is stopped. Kxcessive resistance at 

{Ci)Htiinial on paijC 59) 
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Left: Charles Edison, Chairman of the Board of Thomas A. Edison, Incorporated, receives dictating machine award from R. editor C. G. McProud. 
Center: Dr. Irving I. Schachtel, president of Sonotone Corporation, accepts hearing aid award. Right: Dave Oppenheim, director of Masterworks 
Division, Columbia Records, Inc., being tendered classical award certificate won by Columbia's president, James B. Conkling. 



Audio Engineering Awards 

Reports of the various committees of judges show the reasons 
for the selection of the award winners announced last month. 



COINCIDENT with the delayed distribu- 
tion of tlie May issiie of a press 
party was held at the "21" in New 
York to announce the award recipients, 
and to make formal presentation of the 
certificates, one of wliicli is shown he- 
low. Over one hundred representatives 
of the press, company officials, and 
recording artists were on hand for the 
occasion. Alter the awards were pre- 
sented, tlie reports of the various com- 
mittees of judges were made public. 
Since readers have expressed inter- 
est in the complete reports, they are 
being olTered herewith. To a large ex- 
tent, the reports indicate the methods by 
which the tlecisions were made. 

In the dictating instrument and hear- 



ing aid categories, the committees stud- 
ied the individual units thoroughly 
within the criteria by which tliey were 
being judged, and in both categories 
the decisions were unaniinous. In the 
recording categories, there was naturally 
some (litTerence of opinion. Tlie records 
were played on a typical high-quality 
installation set up by Irving Greene of 
Asco Sound Corporation in a suite in 
the Commodore Hotel. All equipment 
used was of well known make, and was 
considered by the committee as being 
satisfactory. Judging was on the basis 
of musical excellence and of technical 
excellence, with separate scoring for 
each. .At the conclusion of the listening, 
the scores were averaged to obtain the 



Reproduction of one 
of the award certifi- 
cates received by 
Capitol Records, Inc. 
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final figures. Since some of the commit- 
tee members were not musicians, their 
scoring was restricted solely to technical 
quality. The complete reports of the 
various committees follow: 

Dictating Instruments 

One of the major consldcraiions in cstablisli- 
ing the Audio Engineering Awards was tlic need 
for a study of consumer applications of audio 
engineering theory and techniques. Dictating 
instruments represent such an application to 
consumer needs and were selected as one of the 
divisions for ihe 19J3 awards. 

However, to make such a study and award 
realistic, functional standards had to be created. 
In other words, it was the responsibility of ihe 
Committee to determine clearly what the pri- 
mary functions of dictating instruments are in 
terms of the consumer, and the degree to whicii 
the various instruments satisfy these require- 
ments. With tliesc standards in mind, the Com- 
mittee could then approach the technical analysis 
of the instruments from a realistic point of 
view. Tliese functional requirements included 
simplicity and ease of operation, simplicity and 
ease of transcription, durability, simplicity of 
maintenance, a::d the degree to which the given 
instrument supplied the fullest range of dictating 
needs. 

Most important of all was the necessity of 
defining the iiudio requirements of dictating 
instruments. It goes without saying that dictat- 
ing instrument recording is not to be equated 
with musical or other forms of recording where 
wide-range reproduction is requisite. Nor is it 
intended to reproduce the human voice merely 
for the sake of such reproduction. In a sense, 
dictating instrument recording has one purpose: 
to make it possible for tlie transcriber to hear 
with a high degree of intelligibility the syllables 
which are to be transcribed. It is especially 
important that the person transcribing the rec- 
orded material be able to understand every 
syllable; it is not enough that she be able to 
follow the meaning by the grasp of most of 
the words, as is adequate in ordinary conversa- 
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THE FIRST ANNUAL AUDIO ENGINEERING AWARD 
Musical and Technical Excellence in Popular Recording 

Dance Division 

5 AWMOCO TO 

Capitol Records, Inc. 

FO« imil UCO»D4NC Of 

Big BarwJ Bash orxl Selections 

m<<^ MAT A«> m 0«CHtiT«AJ 

ttMttIU^^r^ IH£ WWO* lf>0«I M ITS Wv'iON '0« M y[a( N-NETRfi ^JNMtD «f3 fifl* |. 
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Left to right: Henry L. Gage, vice-president of Westminster Recording Co. Inc.; George R. Marek, Director of Artists and Repertoire, RCA-Victor; 
Peter Bartok, president of Bartok Records, Inc.; William H. Fowler, vice president of Capitol Records, Inc. 



tion. It is imperative, therefore, that the instru- 
ment reproduce all the sounds dictated for a 
rapid and efficient translation of the dictated 
material to the typewritten page. Furthermore, 
the dictating instrument recording should pre- 
sent this material with a minimum of fatigue 
factors, including surface and other background 
noises. 

With reference to the instrument itself, it 
should be considered as a time-saving and work- 
saving tool. VChere it creates obstacles in the 
form of diHicult, complex operation, complicated 
indexing, etc., it fails to supply the needed ad- 
vantages for which it was originally purchased. 

It is the unanimous decision of this Committee 
that the Award be given to Thomas A. Kdison, 
Incorporated for the V. P. Edison Voicewritcr. 
Judged by all the aforementioned criteria, this 
instrument is preeminently successful. Quality 
of reproduction is excellent. Furthermore, the 
instrument has been ingeniously designed to 
provide for extreme simplicity of operation as 
either a dictating or transcribing instrument. 
Size ar.d shape have been so controlled that the 
instrument is not merely portable, but "carry- 
able" as well, making it possible for it to be 
easily aiio conveniently used outside the ofHcc. 
Since it is a multiduty instrument, it is partic- 
ularly suitable for the small office wliich needs 
only one instrument and thus can be equipped 
for a lower cost. 

Hearing Aids 

Tlie committee studying the design and con- 
struction of hearing aids did not attempt to eval- 
uate the performance of the instruments in the 
alleviation of the hearing loss — that is the func- 
tion of the otologist. Since there arc many types 
of hearing loss, with many of these requiring 
specialized equipment to provide satisfactory 
hearing, it was felt that it would be unwise to 
perform the function of a research laboratory 
in evaluating the various instruments. Further- 
more, the scope of the award is not intended to 
make any such comparison. It should be pointed 
out specifically that the opinion of tliis com- 
mittee should not be considered an endorse- 
ment of the instrument as a hearing aid, but 
that it should be considered solely as an evalua- 
tion of the circuit design and its embodiment in 
a manufactured product. 

In studying these instruments, the committee 
kept in mind the various criteria by which they 
should be judged. If the award were to be given 
for lowest cost of operation atone, obviously one 
of the all-transistor hearing aids would be 
chosen. If size were to be the governing factor, 
then the internal design might have to be 
skimped to keep the over-all dimensions of the 
instrument within the limits established. The 
general points studied included both size and 
cost of operation, but these were not made 



of maximum importance. 

While the all-transistor hearing aid undis- 
putedly offers somewhat lower cost of operation, 
ic is felt that the present status of development 
docs not wjrrant the use of transistors in the 
low-level first stages of a hearing aid because of 
increased noise. It is considered probable that 
this defect will be remedied at some time in the 
near future. 

Considering the mechanical and electrical fea- 
tures of all of the hearing aids studied, it is the 
unanimous opinion of the judges that the major 
effort in hearing aid design and production has 
been achieved by Sonotonc Corporation in its 
.Model 1010. The judicious use of a transistor in 
the output stage, where its high electrical etfi- 
cleiicv is most advantageous, is commended. 
Cost of operation is reduced considerably below 
that of the all-vacuum-tube hearing aid with- 
out sacrificing quiet operation. Also noted were 
desirable mechanical features such as separation 
of volume control from the on-off switch, and 
the sturdy plug connections between tlie instru- 
n.cnt and the earphone, the accessory micro- 
phones, and the telephone pickup device, ^'iih 
respect to weight and compactness, the instru- 
ment compares favorably with all others studied. 

Classical Records 

The Committee was particularly careful to 
design test conditions which would eliminate any 
factors which might interfere with an objective 
appraisal of the musical and technical quality 
of the recordings. Fine equipment was used and 
the members of the Committee were all given 
an opportunity to adjust themselves to the 
characteristics of the equipment. 

Twenty manufacturers were invited to submit 
what they considered their major recording in 
five categories for the year 19S2. These cate- 
gories were: symphonic, chamber, solo instru- 
mental, vocal, and operatic. Sixteen companies 
submitted recordings. The Committee determined 
to ask the manufacturers to choose their major 
recordings because such a device would supply 
a means of determining what were the manu- 
facturers' own altitudes toward classical record- 
ing in terms of performance and technique. On 
this score, the Committee found that many of 
the ""ccords submitted were poor both musically 
and technically. These below-standard recording 
cffi)rts were marked by distortion, surface noise, 
poor balance, simple inadequacy on the part of 
the performer or performance, and in some cases, 
sloppincss. I-urthermore, the Committee decided 
that on the basis of this experience, the next 
awards would consider choice of repertoire a 
significant factor in scoring. 

\('ithout exception, however, the winning rec- 
ordings were of an unusually distinguished na- 
ture, and in each category, one or two additional 
recordings were also of high caliber. It would 



be impossible to attribute a monopoly of quality 
to cither the major companies or the smaller 
and more recently organized manufacturers. 
Poor quality was predominantly found in the 
recordings submitted by the small manufacturers 
but, at the same time, many of them produced 
recordings of a superb nature. In the case of 
the larger manufacturers, generally speaking, 
the quality of the recording was considerably 
better than that obtainable only a few years ago. 
Their major deficiencies apply to the musical 
aspects of the recording. 

The Committee was impressed by the general 
advance in 33-1/3 r.p.m. microgroove recording 
and dismayed by the prevalence of such obvious 
technical blunders as tape noise and poor sur- 
faces. These were limited, however, to a minority. 

Popular Records 

Of an extremely large quantity of records 
submitted to this Committee, it was necessary to 
disqualify over 90 per cent in each of the 
popular categories. These categories were: dance, 
jazz, vocal, musical comedy, and novelty, with a 
separate category devoted to folk music in gen- 
eral. The Committee was well aware of the prac- 
tical problems faced by the popular recording 
manufacturer. His major markets are the juke 
box and the home consumer with an inexpensive 
and low-grade record player. Therefore, he feels 
the need to manufacture records for consumers 
who will ordinarily turn the bass control, if 
they have one, all the way up and the treble all 
the way down. His products, therefore, are net 
designed for superior instruments and this is the 
justification for the low-quality recordings that 
ensue. High distortion is only one of many 
unsatisfactory conditions found throughout, ^'e 
should cite especially some of the radical peak- 
ing techniques employed. 

Of the remaining records that were submitted 
to the final Committee, quality was somewhat 
better, but in no sense up to acceptable record- 
ing standards if we are to eliminate the practical 
considerations faced by the popular recording 
manufacturer. 

Musically, most of the material was sub- 
standard, as is common knowledge. It is certainly 
not news to recognize that this is not a period 
of great popular music or of great popular per- 
formance. In the jazz category, it was the older 
distinguished veterans who aroused attention. 
It would be unfair to place all the blame on the 
shoulders of the popular record manufacturer 
who is forced to submit to the many market 
conditions which affect his final product. It 
must be pointed out, however, that it was the 
opinion of the Committee that the winning rec- 
ordings unquestionably represent considerable 
superiority over every other single recording 
submitted. 
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Handbook of 

Sound Reproduction 

EDGAR M. VILLCHUR 
Chapter 11. Part II. Loudspeakers (Cont'd). 

Continuing the discussion of loudspeaker performance in 
relation to the enclosure in which the speaker unit is mounted. 



The "R- 



Enclosure 



The "R-J" enclosure' (see Fig. 11 — 
10), a fairly recent coninicrcial device, 
makes use of the same type of Helm- 
holtz acoustical resonance as the bass- 
reflex cabinet. The small volume in back 
of the cone makes the air cavity stiff- 
ness very great, but this stit'lness is 
counterbalanced through the duct ar- 
rangement which injects a large amount 
of inertance and viscosity into the sys- 
tem. The acoustical resonator is not 
tuned to the exact resonant frequency 
of the speaker mechanism. However, the 
acoustical resonant peak is reduced by 
the high viscosity in the duct spaces. 
This viscosity reduces the mechanical as 
well as the acoustical resonant peak. Un- 
like the bass-reflex cabinet, the R-J en- 
closure imposes an added inertance-re- 
sistance load to the front of tlte cone as 
well as to the back. 

It will be seen, in Fit;. 11 — 10, that 
the electrical analogy of the R-J enclo- 

* Contributing Editor, \uDio Engineer- 
ing. 

'William Josepli and Frank Robbins, 
"Practical aspects of the R-J speaker en- 
closure," Audio Engineering, V. 37, No. 
1, p. 19, Jan. 1953. 



sure is the same as that ot the bass-reflex 
cabinet. The differences lie in the high 
values of M and K. and the low value 
of C. 

The R-J enclosure was designed with 
tlie particular purpose of reducing the 
size of an adequate speaker enclosure. 
Keduction of size also entails simplifica- 
tion of other problems, such as those 
concerning vibration of the cabinet 
walls. 

The Acousfical Labyrinth 

In the original design of the acousti- 
cal labyrinth^ (Fig. 1 1—1 1 ) the back of 
tlie speaker faces into a column which 
IS half a wave length at some low fre- 
quency at whicli the speaker is deficient. 
The required dimensions of such a col- 
umn are so large that it must be folded 
back on itself for practical application. 
Sound emitted from the end of the col- 
umn into the room at the half-wave- 



2 Benjamin Olney, "A metliod of elimi- 
nating cavity resonance, extending low fre- 
quency response and increasing acoustic 
damping in cabinet type loudspeakers," /. 
Acous. Soc. Am.. V. 8, p. 10-4, Oct., 1936. 



length frequency will be in phase with 
sound frini the front of the cone, and 
total output will lie increased in this 
frequency region. The walls of the col- 
umn are lined with sound absorbent 
material so that higher frequencies, 
above 150 cps or so, are not transmitted. 

The anti-resonant characteristics of 
this device may also be used, as in the 
tuned port enclosure, to inhibit voice- 
coil travel at speaker resonance. In this 
case, however, the mode of air reso- 
nance involved is that of the air column. 
The length of folded conduit must be an 
odd multiple of a quarter wave length 
of the speaker resonant frequency, that 
is, J4- '■>> stc. of the wave length. An 
odd-quarter-wave column returns sound 
to the speaker out of pha?e with motion 
of the back of the cone. Reflection from 
the end of an open pipe sufifers a 180- 
deg. phase reversal, and the reflected 
wave, having gone through a reversal 
of both phase and direction, returns to 
apply a pressure to the back of the cone 
which opposes motion induced by the 
input signal. 

If the '/i wave-length anti-resonant 
characteristics of a labyrinth enclosure 



T 




SPEAKER MECHANICAL SYSTEM 
AND 

AIR LOAD ON FRONT Of CONE 



MAGNETOMOTIVE 

FORCE ON I % 
VOICE COIL 




I 






100 

FREQUENCY IN CYCLES PER SECOND 



Fig. 11 — 10. Left. The R-J enclosure, and electrical analogy. M, R, 

and C represent the acoustical mass of the ducts, the viscosity of the ducts, and the compliance of the enclosure, respectively. Fig. 11 — 11, Right, 
The acoustical labyrinth (drawing from the original U. S. patent, No. 2,031,500). 
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Fig. 11 — 12. (A) the acoustical horn as an im- 
pedance matching device (B) the same prin- 
ciple used in matching an antenna to a trans- 
mission line. (Delta match) 

are to be used, the frc(|ucncy corre- 
spondiiiK to the conduit half wave length 
falls an octave above speaker resonance, 
where no speaker deficiency is to be ex- 
pected. Uncalled for acoustical emphasis 
at this frequency nuist therefore be 
guarded against. 

General Considerations in Design and 
Construction of Cabinet Enclosures 

The stiffness contributed by the air 
space behind the speaker is not the only 
problem which is encountered in cabinet 
design. The design precautions appear- 
ing below apply to all of the enclosed 
cabinet types that have so far been dis- 
cussed. 

Independent standing-wave resonances, 
created by internal reflections between 
parallel surfaces, may be set up within 
the enclosure. Such resonances are par- 
ticularly annoying because they occur 
at higher frequencies. They may be 
eliminated or reduced by lining the in- 
side of the cabinet with sound absorbent 
material (preferably with a small air 
space between the material and the 
cabinet wall) to damp out oscillatory 
reflections. The same effect is produced 
by filling the entire volume with some 
soft cotton-like substance. Special lin- 



ing material such as Kinisul or Fiber- 
glas is made for this purpose, although 
ordinary rug cushioning, tacked loosely 
to all inside surfaces, is usually ade- 
quate. Certain cabinets have been de- 
signed with curved internal surfaces in 
order to make the conditions for air- 
column resonance unfavorable. 

The walls of the cabinet are another 
source ot unwanted resonance. Unlike 
a stringed instrument's wooden belly, 
which is vital to the tone of the sound, 
a good cabinet does not vibrate in sym- 
pathy with the music. Concrete or brick 
enclosures are ideal, but involve ob- 
vious inconveniences. V\ ooden cabinets 
must be sturdily built, with joints glued 
and reinforced. No material thinner 
than ^-in. stock should be used any- 
where, including the back, and the 
builder should attach crossbars firmly 
to the larger panels in order to increase 
rigidity. Since totally enclosed cabinets 
have greater pressure exerted against 
their walls than cabinets which are 
partly open, they must be particularly 
well braced. The writer once saw a 
case where a pronounced acoustical 
peak, at about 175 cps, cleared up com- 
pletely when the J4 i"- plywood cabinet 
back wa^ replaced by one of sturdier 
construction. 

The grille cloth in front of the speaker 
may also affect performance. This cloth 
must be of very loosely-w^oven material, 
such as burlap. A simple check of the 
suitability of a cloth may be made by 
stretching it across one's lips and blow- 
ing through it ; there should be no ap- 
preciable resistance to the flow of air. 
A metal grille for decoration and pro- 
tection does no harm if it faniiot rattle 
and if it does not obstruct any appre- 
ciable area of the speaker cone. 

Additional elements of cabinet design 
which have an effect on speaker per- 
formance have been pointed out.^ One 
of these is the short air column formed 
by the thickness of the baffle into which 
the cone faces. It has been demon- 
strated that the evenness of high-fre- 



3 Harry F. Olson, "Cabinets for high- 
quality direct-radiator loudspeakers." Radio 
and Television News, V. 45, p. 53, May, 
I95I. 



TABLE 1 

Optimum reverberation time vs. frequency 
and room volume. (Values from Olson). 



Optimum 

reverberation 
time at 

50 cps 0.8 sec. 0.9 sec. 1 .0 sec. 
Optimum 

reverberation 
time above 

1.000 cps 0.7 sec. 0.79 sec. 0.85 sec 



(|ucncy response is improved if the 
speaker is mounted almost Hush with the 
front surface of the baffle. The points of 
speaker support may be inset, by an 
amount consistent with mechanical 
strength. 

Performance is also improved by de- 
signing the cabinet so that the front 
does not form a right angle with the 
sides.* Diagonal or curved corners may 
be used instead, which mitigate irregu- 
larities in frequency response caused by 
dififractive effects around the cabinet 
edges. The diffracted waves have a 
phase relation to the directly radiated 
sound which varies with wave length, 
producing reinforcement at some fre- 
(|Uencies and cancellation at others. 

These last two design factors are usu- 
ally considered to be less important than 
the ones preceding, and many cabinets 
do not take them into consideration. 

Horns 

One of the most ancient of all acousti- 
cal couplers is the horn, the principle of 
which is used in as simple a procedure 
as putting a cupped hand to the mouth. 
A horn is not a generator of sound, but 
an inert coupling device which enables 
a relatively small vibrating source to 
engage large volumes of air. 

The air in a horn may be conceived 
of as a succession of cross-sectional 
layers. A vibrating body (such as a dia- 
phragm) at the narrow end, or throat, 
is in immediate contact with the first of 
these layers. Air movement resulting 
from the vibrations is confined by the 

* Ibid. 




Fig. 11 — 13. Illustration of independence of 
cut-off frequency from horn length, hlorns 
terminating at A or B will have the same cut- 
off frequency as will the complete unit, since 
the rate of flare is the same. Reflections from 
the smaller diameter mouths, however, will be 
much worse. 
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TABLE 2 



Absorption coefficient vs. frequency for 


various materials. 


(After 


Olson) 


Frequency, cps. 


128 


512 


1024 


4096 


1 in. Fiberglas tile 


.22 


.97 


.90 


.52 


Cotton Draperies 










( 1 0 oz. per sq. yd. 1 










hung straight, in 










contact with wall 


.04 


.1 1 


.18 


.44 


Same as above, but velour. 










1 8 oz. per sq. yd. 


.05 


.35 


.45 


.44 


Velour, hung 4 in. from wall 


.09 


.45 


.52 


.44 


0.4-in. carpet, on Ve-in. 










felt, on concrete 


.1 1 


.37 


.43 


.27 


0.8-in. wood sheathing, pine 


.10 


.10 


.08 


.1 1 


Unpainted brick wall 


.024 


.031 


.042 


.07 


Painted brick wall 


.012 


.017 


.020 


.025 


Plaster on wood lath. 










rough finish 


.039 


.061 


.089 


.07 


%-in. Ozite 


.09 


.28 


.51 


.47 
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Fig. 11 — 14. Development of the horn in re- 
producer design (A) rigidly coupled to repro- 
ducer (Edison); (B) attached by flexible tub- 
ing ^Berliner); (C) curved to conserve space, 
and with exponential flare; and (D) modern 
folded bass horn for use with direct-radiator 
driver 

walls of the horn to each successive 
layer, and since there is only a small 
change in area from one layer to the 
next, very little energy is wasted in tlie 
transfer. The result is that the vihrat- 
ing source is strongly coupled to, and 
moves, all of the air in the horn, and 
the effective radiating area of the source, 
as seen from the point of view of the 
room receiving tlie sound, is increased 
towards tlie area of the large end, or 
iiioiitli of the horn. The increased air- 
load impedance raises the mechaiiico- 
acoustical efficiency of the source 
tlirough the resistive component, and 
lowers the resonant frequency of the 
source through the acoustical mass com- 
ponent. The acoustical mass reflected 
into the mechanical system of the source 
may be so great as to overshadow the 
mechanical mass at lower frequencies. 

The horn as an impedance-matching 
device is illustrated at (A) in Fig. 
11 — 12. The condition of high pressure 
and low volume velocity of the air in 
immediate contact with the vibrating 
source is gradually transformed to the 
loNV pressure and high volume velocity 
at the horn's mouth. The impedance dis- 
continuity between each layer of air in 
the horn is very small, so that reflection 
does not occur. 

In Fig. 11 — 12, (B) is an electrical 
"horn" whose operation is analogous to 
the acoustical device. This horn is an 
actual impedance matching device used 
in connection with matching an anteiuia 
to its transmission line; the increased 
spacing between conductors changes the 
capacitance, and hence the total line im- 
pedance, and at such a gradual rate that 
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reflection and energy losses are avoided. 

The three most significant cliarac- 
teristics of horn design that determine 
its performance are : ( 1 ) type of flare 
(i.e. conical, exponential, etc.) (2) rate 
of flare and (3) diameter of mouth. 

The conical horn was used in early 
phonographs, and is still to be seen in 
the megaphones employed by cheer- 
leaders. Modern reproducing horns, 
however, are almost all of an expo- 
nential or related type, that is, the cross- 
sectional area increases as a function 
of an exponential variable 

The exponential horn flare may be ex- 
pressed by tlie equation: 

5 .Joe" 

where 5 = cross-sectional area at point A' 
So - cross-sectional area at throat 
E . 2.718+ 
A. - a constant 

X = distance along horn axis. (Note 
that at the throat, where X -O, 

Sa=S.) 

This type of horn is considered as in- 
creasing the effective area of the vi- 
brating diaphragm at its throat approxi- 
mately to that of its mouth. 

A horn has a low-frequency cut-off 
which is deterinined by its rate of flare, 
below which frequency the cliapliragm 
is unloaded and the acoustical radiation 
is practically zero. The more gradual 
this rate the lower the cut-off frequency, 
so that bass horns require a very slow 
flare. A horn with a given flare will ex- 
hibit the same cut-off point regardless of 
its length, as shown in Pig. 11 — 13, al- 
though the decreased mouth diameters 
associated with the shorter lengths will 
afl'ect perfonuance in other ways. 



C = constant of flare equation 
where K (above) 

- velocity of sound 

The size of the horn mouth determines 
the degree of impedance discontinuity 



between the mouth and the area into 
wliicli the horn radiates. The smaller the 
mouth diameter in relation to the wave 
length of tlie sound tlie greater will be 
the rellection of sound from the mouth 
Ijack to the throat, and the greater the 
irregularities, especially near the cut- 
of{ frequency. For relatively smooth re- 
production the mouth diameter is gen- 
erally made equal to at least one-tliird 
the wave lengtli of the lowest frequency 
to be reproduced. A low-frequency horn, 
combining a slow flare with a large 
mouth diameter, must thus be very long. 

The size of the horn throat is also 
signilicant, aside from questions of flare. 
The smaller the throat area the greater 
will be the acoustical pressures built up. 
Air is itself non-linear — the change of 
volume velocity is not exactly propor- 
tional to pressure changes — but this 
effect is negligible except when very 
large pressures are built up. The abso- 
lute diameter of the throat area, there- 
lore, is a limiting factor in the power 
handling capability of a horn when a 
given percentage of distortion is postu- 
lated. The larger the throat area the 
greater the power handling capability. 

Because of the large increase of air- 
load impedance that properly designed 
horns make possible they are the most 
efficient of acoustical couplers (efficien- 
cies of from 25 to SO per cent for horn 
systems are usual) ; they lower the 
resonant frequency of the mechanical 
system of the driver by the greatest 
amount ; and they enable a given speaker 
to perform with least distortion and fre- 
quency irregularities. The diaphragm 
excursion is severely reduced for the 
same acoustical power, and mechanical 
resonances are liighly damped by the 
air resistance engaged by the horn 
mouth and reflected back to the throat. 
The disadvantages of horns lie in their 
size and difficulty of construction. The 

(Couliiiued on fage 35) 
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sliarpiiess of the liorii radiation pattern. 
Jis in the case of ihrect-rachator loud- 
speakers, is inversely proportional to the 
fre(|uency heing reproduced and to the 
etTectivc radiating area at the mouth. 

Ilorii-type loudspeakers arc made as 
a unit iu certain models, notahly tweet- 
ers (where the high frequencies in- 
volved make possihle small mouth diam- 
eters and relatively fast rates of Hare) 
and public-address speakers. Where the 
horn is thin-walled for economy, a 
damping ring is usualh' applied to the 
rim of its mouth for the purpose of 
dissipating wall vibrations and to pre- 
vent rellection in the material itself. 
This is comparable to the edge damp- 
ing employe(l in some cone speakers. 

Horns are also used as separate cou- 
pling devices, driven by speakers de- 
signed as direct radiators. For practical 
use at bass frequencies the horn must 
be folded by reason of the required 
length."' Fii/iirc 11 — 14 illustrates the 
development of reproducer horn design 
over the past seventy-five years. 

Variations in Basic Design 

Many variations and combinations of 
the basic speaker mounting systems de- 
scribed in this chapter arc possible. 
Horn-loading on the rear of the cone, 
for example, may be combined with 
baffled direct radiation from the front. 
Another design variation appears in the 
-Mcrroud corner cabinet," a reflex en- 
closure whose ports are horn-loaded by 
the cabinet and room walls (see Fig. 
11 — 15). The ports of this enclosure 
are highly damped by the radiation re- 
sistance of the horns, and the resistive 
component introduced into the Helm- 
holtz resonatiu' is so great that critical 
tuning is no longer necessary. 

Mounting Location and Room Acoustics 

There is not too nnich that can be 
done about room acoustics, but the 
mounting location of the speaker can be 
cho^en to counteract acoustical disad- 
vantages : 

1. The high-frequency speaker should 
command as much of the room as pos- 
.siblc, so as not to have the treble con- 
fmed to a relatively narrow beam. Treble 
<lispersion may also be achieved by using 
indirect sound; one enclosure design" 



•'■ Tlie "Klipbcliiirn," which uses the ruuin 
walls as part of the horn, is an example 
of this type — see Paul \V. Klipsch, "A low- 
frequencv horn of small dimensions," J. 
Ai-nti.f. Soc. Am.. V. 13, Oct., 19-11. 

°C. ("i. McProud, ".\ new corner speaker 
design," Ai'Dio ICncixef.rinc, v. 3.1, Nos. 
1 and 2. Jaii.-l-"el)., 1949. 

' Philippe Foresticr, "A step towards 
hif!h-fi(lelitv reproduction: the 'Focalizing 
Baffle'." (in French) TSF cl Tl' No. 280, 
l'\'b.. 1952. 



makes Use of a section of an ellip.soid of 
revolution to reflect and disperse sound 
in many directions. 

_'. If possible the bass speaker should 
face into a reduced solid angle in order 
to increase the efficiency of the acousti- 
cal "bite." 

3. Efforts should be made to avoid 
the formation of standing waves be- 
tween parallel reflecting surfaces. 

Catercornered mounting is thus ideal 
on all of the three counts above. The 
room itself can also be treated acousti- 
cally, but aside from a few hard-bitten 
bachelor ;icousticians this is not a prac- 
tical procedure, except to a very limited 
extent. The reflection characteristics of 
the room surfaces arc very important. 
atYeeting reverberation time .uid the 
tendency to room resonances. The re- 
verberation time, relative to room vol- 1 
ume and frequency, that is considered i 
optinuun is listed in Table 1. Too low n s 
reverberation time creates a "dead" tone. 
If taste runs to heavy rugs and wall, 
drapes, overstuffed furniture, and an 
acoustically treated ceiling, this result 1 
may be expected. .Such room charac- , 
teristics have an lulilitional significance, 
beyond the direct effect on reverberation I 
— tlie absorption coeflicient of most ma- 1 
terials varies with fre(|uency (see Table 
2), and the intensity levels to which the 
higher frequencies l)uild up may be dis- 
criminated against more than they would 
be in the typical concert hall. 

When the room is too reverberant, on 
the other hand, musical tones are 
smeared rather than blended, and the 
distir.ctness of orchestral voices is im- 1 
paired. This ctYect is likely to be found 
in modern-style rooms with bare, pol- 
ished surl'aces. no upholstered furniture. 
.01(1 a severe regularity of shape which 
encourages standing waves. The use of 
rugs, drapes, and screens to make the 
reflecting surfaces more absorbent and 
to break them up, all serve to alleviate 
the situation. An open window, oi 
course, may be considered as a perfeetlx i 
aI)Sorbent body, since it returns prac- 
tically no sound. ' 

Reverberation time has been measured 
roughly by ear and stop-watch, but ac- 
curate measurement involves nuieh more 
complicated e(|uipment. .Since the opti-| 
nuun time cannot be rigorously deter- 
mined anyhow, the general subjective 
impression of musical (|uality may serve 
to give some indication of the reverbera- 
tion characteristics of the living room. , 
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Patentable Features 

Inventions 



in Radio 



ALBERT WOODRUFF CRAY* 



Patentability of an invention is based upon a number of specified require- 
ments — all of which must be fulfilled to warrant the granting of a patent. 
The author lists these reqiurements, and cites examples of familiar devices. 



AFKw YKARS .\i;i) tlu- I-'c(lcnil Court 
in Micliiffan siid in a decision 
lioldiii}; two radio patents invalid, 
"Where, as here, it appears that a patent 
has merely accoini»lislied an old result 
h\' a coinhination t)t means which, singly 
or in a jiniilar combination, were dis- 
closed by a prior art, and the patent has 
made no advance over the prior art be- 
yond that which would be accomplished 
by a mechanical skill in the art, there is 
no patentable invention." 

Ill this instance the inventor of a 
"peak detector" and an "aiiiplifier vol- 
ume control ' suffered the same disap- 
IHiiiitmeiit he did in another adverse de- 
cision relatinj,' to a radio patent where 
Judge Le;irned Hand, of the l-Vderal 
Apjiellate fourt .said of r;idio patents, 

"Especially in the radio art is it 
dangertius to be improsed b\' new de- 
tails: the subject is all very iiiilaiiiiliar 
to us: we must proceed (|iiite in the dark 
guided only by the interested advice of 
those whose conclusions we are person- 
ally unable to check as we sometimes 
can in the mechaiiical arts. The industry 
has been the object of an amazingly 
assiduous ingenuity and we are to sup- 
pose that ni;iny permutations will appear 
spontaneously from the constant efforts 
of numerous competitive e.xperimenters. 
True, this may be used as special evi- 
dence of invention when the need is old 
anil the success striking, but it counts 
strongly ag:iinst the novelty merely as 
such. 

"W'e put this patent down as one of 
those step by step advances not beyond 
the comp.ass of capable investigators 
who run down every lead and cull out 
those which appear advantageous. It 
might be desirable to promote such ac- 
tivities by limited monopolies, but that 
is not the law. Patents ilo not go to 
patient and exhaustive e.xiierinieiit, they 
are the reward of exceptional talent." 

The law by which the I'ederal Court 
measured these discoveries for the rpiali- 
ficatioiis re(|uired for patent protection, 
provides, "Any person who has invented 
or discovered any new and useful art, 
machine, manufacture or composition of 
matter or any new and useful improve- 
ment thereof . . . may . , . obtain a 
patent therefor," In this statute, changed 
by the l')52 amendment, "process" is 
now substituted for the word "art." 

* 35-36 T6lh Si.. Jiickum llcifihls. N. V. 



Criteria for Validity 

These three words, "invented," "new" 
and "useful." measure the right of an 
inventor to patent protection for his ilis- 
co\'ery. In a lawsuit last \'ear before the 
I'ederal Court in Te.xas. tlie role of tlie.se 
throe terms clearly a|)pearod. 

A luaniifacturer for a number of years 
had been proiluciiig a housetl opaipie 
picture jirojoctor jii which a pointed 
arrow was thrown on a scrooii as a sub- 
.stituto for the pointer long used by 
speakers in designating objects on the 
screen to which they referred. 

Tlie patent specifications as detailed 
by the court were, "A coni|ik'te housing 
of lights and rellectiiig mirrors and a 
bed uptm which the opaijue object is 
placed for jirojection, and an outside 
knob for the operation of the pointed 
arrow to follow the object as it is 
thrown u|>oii the screen." 

This invention had been exhibited in 
Chicago ill l'>50 and si.x months later 
one of those to wluiiii this invention had 
been displayed undertook the production 
of the same apparatus, merely substitut- 
ing a dot for the arrow of the inventor. 

The action for infringement was met 
by the usual defense — the invalidity of 
the patent. In its decision the b'ederal 
Court said of these essential features, 
the three key words of the statute de- 
liiiiiig the right of an inventor to a 
patent. 

"The subject matter of a patent must 
be new and useful. It must call for the 
exercise of an inventive or creative 
function of the mind as distinguished 
from the mere exercise of knowledge 
and judgment expected of those skilled 
in the particular art. This is true 
whether the iii\-entioii claim consists of 
an entire machine or improvement of a 
machine or a combination of several 
mechanical powers. I'atent rights of this 
sort are given to inventors of some new 
and useful machine or some new and 
Useful improvement thereof." 

This the court supplemented with a 
comment on the interpretation of the es- 
sential in the statute that the invention 
must be "new." 

"Changes of shape or form to produce 
new inventions or results must be pat- 
entable but patentable novelty includes 
more than mere changes of prior inven- 
tions, since the changes mu.st amount to 
invention. Mere novelty of form is in- 



sufficient. Novelty may reside in the ar- 
rangement or combination of old ele- 
ments whereby an adv;iiitageoiis resuU 
is accomplished." 

Then of the defense that tlie invention 
on which this infringement suit was 
baseil had been aiiticip.ated by an earlier 
discovery the court added. 

".-Xntieipatioii prevents invention if 
before the date when the patentee made 
it. .'such invention may consist of prior 
patents or publications and it is of no 
coiisci|ueiice that the patentee made the 
invention of his own efforts and thoughts 
and ill ignorance of the prior invention 
of another, since prior invention is what 
controls." 

All action in the b'ederal Court in 
Xew Jersex- a few years ago involved 
the \'alidit>" of a patent relating to radio 
receivers. In its decision tli.'it here there 
was no patent.'ible iin'eiitioii but merely 
an aggregation of elements 'e;icli old 
and each fuiictioiiiiig in their well known 
orbits of infliieiice," the court referred to 
the authority of :i ruling of the United 
-States Supreme Court in which a patent 
for the improvement of protective de- 
vices for electric cable joints was denied 
validity. 

"The fact that the combination with- 
out it was old does not jirevent inven- 
tion by the addition of a new and useful 
element. ' s.-iid that court, "but the addi- 
tion must be the result of invention, not 
the mere exercise of the skill of a calling 
ami not one plainly indicated by the 
prior art." 

Improvements Not Necessarily Invention 

The validity of a patent on a slide rule 
was challenged a few years ago in an 
iiifriiigenieiit suit. Holding that patent 
invalid as neither novel nor an inven- 
tion, the court outlined the distinction 
between improvements and patentable 
discoveries. 

".*\ii ordinary carpenter's s(|uare is 
nothing more than a right angle piece of 
steel w itli calibrations inside and outside 
of each arm. The same is also true of 
other common tools such as the plumb, 
the level and the compass, going back 
to the days of the building of King 
Solomon's Temple. So it is with the 
slide rule. 

"It is a marvellously ingenious liasic 
invention but it has been in the public 
(Coitliitucii tin piitjc 55) 
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ANNOUNCING 



THE AMPEX 350 TAPE RECORDER 




t-AMPEX MODEL 350 

Tape speeds — 7 '/i & 1 5 in/sec. or 3 % & 7 Vi 

in/sec. 
frequency response 

1 5 in/sec. — ± 2 db from 30 to 1 5,00C cycles 
7 Vi in/sec. - ± 2 db from 30 to 1 0,000 cycles 
± 4 db from 30 to 1 5,00C cycles 
3 % in/sec. - ± 2 db from 50 to 7500 cycles 



A NEW MODEL by fhe 

leader in tape recording 

Ever ilnce the first AMPEX Ithe Model 200) set 
a milestone In progress by making recorded 
sound "come to life," the broadcasting and 
recording industries have rightly expected new 
AMPEX models to set the pace. 

A NEW SLANT 

on operating convenience 

With introduction of the AMPEX 350, a new 
30° slant on the top plate puts the reels, 
editing knobs and all controls within easier 
reach of any operator — tall or short, standing 
or silting. Tape editing is faster and less 
tediojs. Servicing is simplified by pivoting of 
the top plate and sliding out of the internal 
assenblies. 

A MFW STANDARD 

of reliability 

In precision of timing, response to controls and 
freedom from breakdowns and repairs, AMPEX 
Tape Recorders have consistently led the indus- 
try, For utmost reliability, this new Model 350 
has a three motor tape transport mechanism 
(prev ously used in the AMPEX 300, but now 
available in this lower priced machine). 

A NEW REASOI^ 

fo change to the best 

Ultra high fidelity recording is now priced within 
reach of discriminating users in every field — 
radio stations, home high fidelity systems, 
schools, industry and professional music. And 
because the AMPEX 350 is built to last, it will 
cost the least per hour, per week and per year. 



If you plan fo.r tomorrow, buy AMPEX today 



Am 


iPEX 


^ 

1 ELECTRIC 


CORPORATION 



For further details write today to Dept. B122SA 



934 Charter Street, Redwood City, California 
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AE Goes to London and Paris 



C. C. McPROUD 



Combining business with a vacation, the "Party Trip to Eng- 
land" visits factories, castles, the Radio Components Show, 
the British Industry Fair — and both banks of the Seine. 



Ox THK TKXTII cif April l'j53. lllO Mill 
was sliiniiij; hriRlUly over New 
York International Airport — Imt all 
the sunshine was intercepted long before 
it reached the rain-drenched alnniiiunn 
eafrk's waiting to be loaded. Bnt the 
spirits of the sixteen members of the 
"Party Trip to luigland'' were not 
dampcncil at all. .Arranged by Leonard 
Cardnner of I5ritish Inihistries Corpora- 
tion in the United States anil Richard 
Arbib. U. V. Sladc. Harold Leak. 
Ceorge Marriott, and (',. A. Briggs — all 
of ICngland — the trip was a delight from 
the lirst meeting at the airport nntil the 
entire group was back home again. 

('letting together with others in the 
industry is tlie basic reason behind all 
the shows. .-Xndici b'airs. and other 
gatherings of those who participate in 
the audio business, bnt it is not often 
that we are able to meet more than one 
of two of our opposite numbers from 
other countries at the same time. Recog- 
nizing this, Mr. Carduner — Leonard — 
fathered the idea that it would be good 
for everyone if we actually made an ef- 
fort to lie good neighbor.s — even though 
we were three to six thousand mile.-. 



apart normally. On this premise alone, 
the trij) was a complete success: judged 
solely as a vacation, it would be ratcil as 
e(|ually successful. In iMigland. our hosts 
regularly referred to us as "Our Ameri- 
can Friends," which imdoubtcdly contri- 
buted much to the feeling of good fellow- 
ship throughout the trip. We only hope 
that our hosts and many others wc met 
on the trip will consider themselves our 
I5ritish friends. 

Take-Off Day 

On the afternoon of the aforemen- 
tioned April 10. four people from Los 
Angeles, six from Chicago, and six from 
Xew York — along with a few well- 
wishing friends — foregathered in a small 
private room at the airport to get ac- 
quainted and to get in the proper spirit 
for an overseas trip. After a suitable 
interval, they went aboard Pan Ameri- 
can's Prcsi'dent Special— the actual 
boarding lieing interrupted long enough 
to take the Jiicture shown on this page. 
L'pon arrival at London Airport around 
1 1 :01) the next morning, the group was 
met by Dick Arbib (Multicore Solder) 
and a Heet of cars which delivered every- 




They're oH! Left to right: C. G. McProud, Mrs. McProud, Adolph Gross (Pilot Radio national 
distributor) Mrs. Gross, Sam Poncher (Newark Electric Co.) Clancy Nystrom (Kierulff, Los 
Angeles), Mrs. Poncher, Leonard Carduner (British Industries Corp.), Mrs. Nystrom, Mrs. 
Carduner, Harry A. Lasure (Mtgrs. Rep., Los Angeles), Mrs. Lasure, S. I. Neiman, (Int I Sight 
and Sound Exp'n president, Chicago), Ken Prince (Parts Show entrepreneur, Chicago), Mrs. 
Neiman, and Mrs. Prince 



one at the Dorcliester Hotel. Following 
an afternoon's rest and a big and excel- 
lent dinner, the party broke up for that 
day. But only long enough to catch up 
on sleep, for bright and early on Sunday 
morning, the cars appeared and provided 
a day's sightseeing which concluded with 
a visit to PL'irold Leak's home and din- 
ner as Mr. Arbib's guests again. 

Monday morning was all for sight- 
seeing again, with lunch and dinner as 
guests of Elector V. Sladc (Garrard 
changers), interspersed with a very 
thorough inspection trip through the two 
Garrard plants at Swindon. Tuesday- 
except for a short evening party as G. 
A. Briggs' guests — Wednesday, aiid 
Thiusday were given over to the Radio 
Components Show — the tenth annual af- 
fair given by the Radio and Electronic 
Component Mamifacturers Federation. 
The men were guests of the RICCMF for 
Tuesday's lunch, and again of Multicore 
for Wednesday's, after which we went 
out to Wembley to visit the research 
laboratories of General Electric Co. Ltd.. 
for a inside view of two of its specialized 
departments and a demonstration of a 
new metal-cone loudspeaker which was 
shown monaurally as a single unit and 
bin:uirally using two groups of three 
speakers each with tape-recorded mate- 
rial and with a live program which 
originated in a small studio elsewhere in 
the building. This observer, after coming 
to conclusions as to the relative positions 
of the various instruments, made a quick 
sprint to the studio to see if the orienta- 
tion was like it sounded. Except for the 
fact that the violinist was on the opposite 
side of a ribbon microphone from the 
other instruments located near it, the 
])osition was exactly as it had been 
pictured in the mind. After tea — a daily 
occm-ence in ICngland, of course — we 
took another trip to an old (1135 A.D.) 
inn on the Thames for dimier as the 
guests of GKC's George Marriott — the 
ladies having joined us cn route. 

Thursday was spent in further visits 
to the Components show — followed by 
the Grand Ball on the concluding night 
of the show. To Paris by plane the next 
day, and a few days spent in sightseeing, 
followed by the writer's visits to audio 
spots of interest which included the 
radio studios, the Audax plant to hear 
the lonophone, Film et Radio to heai; 
the Focalizcr BafHe, and the offices of 
the the French radio magazine T oulc la 
Radio, where we met Editor Aisberg: 
and later to Editions Chiron where we 
met Georges Giniaux, publisher of 
TSF cl 'IT, L'Oiide Elcclriqiic, and 
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-flow Oiwt. ? 

PILOT 

runs an ad for Hi-Fidelity 
Pilotuners and Amplifiers ~ 
without listing features! 

Yes, — lisHig of features on hi-fi equipment 
IS important. But — il would take a good four pages o* fine 
type to list all Ihe outstanding features of -these 
supsrb PILOT instruments. 

So rraf we suggest,. — send 
in the cojpon bebw for o\jr beautifully illustrated, 
completely descriptive <olor folder. Read it In comfort, dt your 
leisure, Compa-e PILOTUNERS and ampufiers, 
feature for feature with any others on the market. See 
PILOT'S superiority, for yourself. You'lf be glad you did! 
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PILOT RADIO CORP., "The Standard of Excellence." LONG ISLAND CITY, N. Y. 
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At the RECMF show — left to right: Ken Prince, Adolph Gross, Richard Arbib of Multicore 
Solders, Sam Poncher, Leonard Carduner, Clancy Nystrom, "SI" Neiman, hiarry Lasure, and 

the writer. 



the new sound niagazine l.a Kcvtic dc 
Son, wliicli made its 1m)\v with tlio 
April issne. For an interesting din- 
ner some time, try l)eing tile gnest of a 
I'rencli piiMislior who speaks only a feu- 
words of ICnjrlish (assnn)ing yon can 
speak less than half that many words of 
I'rench). and an interpreter who speaks 
hoth. To make it interesting, add two 
wives — one who speaks oidy I'rench and 
one who speaks only ICnglish. Such was 
our e.Nperience with .M. (liniaiix. hut we 
all made out satisfactorily, with rela- 
tively little misunderstanding. 

Temporary Breakup 

On Tuesday April 21. the party broke 
up for a few days — some went fmther 
east to Rome and Switzerland, some 
stayed in I'raiice, while the writer re- 
turned to England for a short motor trip 
through the south counties, returning to 
London the following .Monday. Tuesday 
was devoted to a visit to the plant of 
Goodmans Industries, Ltd., in Wembley, 
and to a farewell dinner given by the 
t arduners at the Savoy. .Most of the 
group left luigland on Wednesday, but 
this observer felt there were still a few- 
things that .sliimld be seen, such as the 
E.Ml studios, the HBC" studios, the 
Tower of London, the Hritish Industries 
Fair, and the changing of the guard ,-it 
Buckingham I'alace. In between, we 
weie the guests of the Radio Industry 
Club, w hich meets monthly, and of a lew- 
other British friends at various events. 
Among these were W. A. Hartley, whom 
we had met at various Audio I'airs in 
New York: .Andrew Keid. press officer 
for the Radio Industry Coimcil from 
whom we have received many commimi- 
cations and British Radio Standards: 
William T. A.sh, REC.Ml" Secretary: 
H. F. Smith and Hugh S. I'ocock. editor 



and managing editor respectively of 
ll'ircless ll'orld; and II. G. Foster, 
managing editor of Electronic Engineer- 
ing. The ease in making friends in Eng- 
land indicates that if we were to stay 
long cTiough to spend a few hours w ith 
each we would be there forever. 

Impressions from England 

Differences in manufacturing prac- 
tices in Ivngland and in the L'nited 
.'States appear to be the result of the dif- 
ferences in the economies of the two 
countries. While the U. S. practice is 
to "farm out" as much of the construc- 
tion u-ork as possible — at least in many 
plants — the e.Niict opposite seems to pre- 
v;iil in ICngland. Garrard. f(n- e.Naniple. 
makes all the individual "bits and pieces" 
Used in the assen)bly of its recoi-d 
changers — including such specialized 
units .-is the motors. Laminations for 
both rotor and st.-itor are punched out. 
assembled, and mcmntcd to complete the 
motor : the large panel for the top as- 
sembly i^ punched out and shaped, turn- 
tables are statnped. all of the various 
intricate parts aie made — with clo>e 
quality control — in the same plants. The 
same condition obtains at Goodmans, 
where all the loudspeaker punchings and 
stampings are made, and where even the 
cones are made right in the speaker 
plant. The dilferenccs in U.S. and Brit- 
ish manufacturing processes were partic- 
ularly noticeable in these tw-o factories. 

Interest in audio is well developed in 
England, but, again because of the dif- 
ference in tile economies of the two 
countries, there has not yet developed 
the wide public interest that is prevalent 
in the U. S. Those who have a highly 
developed sense of interest in audio are 
serious and very i|iiality-con.scioiis — 
perhaps even more so than here, but 
there are not so many of them. 



.\ rather large number of tape decks 
made their appearance at the KEC.MF 
show- — most being in the c.-itegory of the 
medium-i)riced U. .S. models: the E.MI 
e(|iiipmeiU rivals the finest produced 
here, and for original recording these 
machines are still being operated at .^0 in. 
per sec. Workmanship appears to be uni- 
formly e.NCellent. especially with me- 
chanical assemblies. While we are ac- 
customed to a certain range of control- 
knob varieties in this comUry. we noted 
another range — eiuirely dit'ferent — on 
British e(|uipment. 

The French Picture 

One of the principid reasons for visit- 
ing I'aris — aside from the better known 
ones — was to see and hear the lono- 
phone. which has received so much 
glowing |>ul)licity in die popular press. 
In our opinion, this equipment uncloiibt- 
edly provides an efficient method for 
coupling ultrasonic fre(|ueiicies to the air, 
since it is claimed to work well up to 
IIMl kc. However, as a speaker in the 
higher audio ranges — say. from 31)0 to 
2I).(I(H) cps — we were not impressed, 
especi.-dly considering die e<|iiipment re- 
(|inre(l for its operation and the continu- 
ous power consumption of around .^0 
watts. As is well known, this power is 
fed — as r.f. — to the imit to ionize the air. 
the modulation being ,-i|)plied to the oscil- 
lator unit. The hiss tliat was noted by 
earlier observers has been eliminated 
it) the more recent models and is no 
longer a disadvantage. But it remains 
die opinion of the w riter that for audio 
use — as a tweeter and/or super-tweeter 
— the loiiophone otters no advantages 
over a high-quality dynamic reproducer, 
and that it has the disadvantage of 
higher initial cost as w ell as a continuing 
operating cost. 

The Focalizer Baffle — previously men- 
tioned in these pages at times — is also 
viewed with mixed opinions. Con- 
structed, in its present form, of staff — 
but realizable in molded plastic in large 
quantities — this unit can be made with 
almost any desired direction.d pattern. 
For many applic.itions. this would pre- 
sent a considerable advantage, where, it 
was desired to provide sound coverage 
over a limited area, for example. How- 
ever, as a single-unit liigli-(|iiality 
speaker, it does not appear to have ade- 
(|uate low- or high-frequency response. 

Broadcasting and Recording Studios 

Several interesting hours were spent 
in visiting the studios of Radiodii¥iisioii 
I"rancai.^e. the British Broadcasting 
Corporation, and l^.MI — which does the 
recording for many of our imported 
labels. One outstanding difference noted 
in I'.iris was the use of cream-colored 
equipment. Racks, panels, control con- 
soles, and tape and disc recorders were 
all of a pleasant cream color — providing 
somewh.-it more light in operating 
quarters. Studios were decorated in a 
pleasing manner — with suitable and in- 
teresting ornamentation — and in many 
histances arranged so as to provide for 
controllable acoustics within the same 
area. One studio was ecpiipped with a 
{^Continued on page 62) 
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SPECIALIZATION 

MAKES THE DIFFERENCE 



Specialization may be defined as the concentration of 
all effort to a special or specific course of action 

Even a mechanical device concerned with the funaion of record 
reproduction should possess all the advantages of such specialization. 

Most units undertake to do much more. They change records, 
mix records, flip records, reject records, and assume a multitude of other 
functions. This is 'generalization as distinguished from "specialization". 

The REK-O-KUT turntable, on the other hand, is devoted 
entirely to playing records. And every design feature, every fragment 
of engineering know-how has been devoted and restriaed 
to the all-important job of playing records ... to provide the 
constant, steady, unwavering record motion necessary for 
the faithful reproduction of records free of mechanical distortion. 

Specialization makes that difference. And all of the 
efforts and facilities of the manufacturer shall continue 
to be intensively devoted to that one objeaive . . . 
that one aim: To make the finest turntables in the world. 

There Is a REK-O-KUT Turntable for your specific discriminating 
requirement. Seven models are available at prices ranging from $59.50. 
At Leading Radio Parts Distributors and at Sound and Music Dealers. 

Write for Descriptive literature 
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TURNTABLES 



REK-O-KUT COMPANY, 38-03M Queens Boulevard, Long Island City 1, New York 

Export Division: 458 Broadway, New York 13, U. S. A. Cables— Morhanex 
In Canada: Atlas Radio Corp., Ltd., 560 King Street. V/., Toronto 2B 
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Equipment Report 



LEAK TL-12 AMPLIFIER with VARI-SLOPE CONTROL 



ON'K OK TMK FKW amplifiers to be equip- 
ped with any means for varying the 
slope of tiie treble roll-off obtained by 
the use of the high-frequency tone control 
is the Leak \'ari-Slopc preamplifier, which 
was studied with the Leak TL-12 triple- 
loop "Point One'' power amplifier. Both 
sections incorporate some interesting fea- 
tures which differ in design principles from 
most American circuits. The Leak ampli- 
fier, as is well known, is British built. 

The preamplifier employs only one tube — 
a dual triode. It is equipped with type 
ECCRl, which is replaceable with the 
.\merican 12AT7. All inputs are channeled 
through both stages of this tube, with 
differing amounts of feedback over the first 
stage being employed to adjust for the 
different input-signal levels. The input 



selector switch provides one position for 
high-impedance microphone, three positions 
for phonograph with equalization for mag- 
netic pickups, and one position for radio. 
Input voltages for one watt output, with 
the gain control at niaxinunn, arc .001. .003, 
and .Oil) volts, respectively. This is some- 
what higher sensitivity than required on 
the radio channel where a voltage divider 
may bo required to permit satisfactory 
operation of the volume control, or at least 
to balance the tuner and pickup levels ap- 
proximately. 

The phono positions of the preamplifier 
provide a bass turnover of approximately 
400 cps (it differs only slightly between the 
three positions) and a choice between flat 
and roll-off response. The LP and 7S.\ 
positions are uniform, with a 15-db droop 




LOUDSPEAKER A C OUTLET 



A C LWE a GROUND 



at lO.tMJO cps; 7SP. is essentially flat on the 
high end. The tone controls operate in steps, 
and serve to vary the intleetion point on 
both bass and treble ends. The Vari-Slope 
feature provides a range between 5- and 
5U-(lb per octave roll-offs above the high- 
frequency inflection points, which are 9000, 
71100, and 5000 respectively. The slope con- 
trol has no effect on the boost positions, 
nor upon the bass control. Measured curves 
are shown in Fig. 3, page 54. 

'I'he control unit is easily mounted on 
panels not exceeding ^-'m. thick in a cut- 
out ^ 10/4 ill- When it is desired to 
operate the preamplifier as an integral part 
of the power amplifier, it may l)c attached 
to predriUed holes on one end of the ampli- 
fier chassis, electrical connections being 
made with a short cable which is obtainable 
as an accessory. 

The power amplifier is of a design which 
has not been publicized appreciably. It con- 
sists of a pentode first stage feeding a 
"long-tailed pair" of triodes (in a single 
envelop) which drive a pair of pentodes 
which are separately cathode biased. Tubes 
employed in the first two sockets are lCl''-36 
ami I-XC-33. which may be replaced by 
6J7 and 6SX7 respectively. The output 
tubes may be replaced by 588rs or 6L6's if 
the specified KT-66's are not at hand. The 
over-all feedback loop covers all three 
stages, and is fed from the secondary of 
the output transformer. The secondary may 
he connected so as to provitle impedances 
ranging from 1.7 to 36 ohms. 

The Leak amplifier has long claimed 
distortion figures below 0.1 per cent — hence 
the name "Point One" — which arc borne 
out by measurement. Intermodulation dis- 
tortion is less than 0.3 per cent at normal 
operating levels. Despite the unusual con- 
nection of the output stage wheret)y the 
two tubes derive their bias from independ- 
ent resistors, no change in either output 

{Continued on t^agc 54) 

Fig. 1 (left). Schematic of Leak TL-12 ampli- 
fier and power supply. Fig. 2 (below) Sche- 
matic of Vari-Slope preamplifier. 
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Off course he's using Soundcrafft Recording Tape 



Perfect reproduction — that's the 
reason why more and more engineers 
today demand Soiinrlcraft 
Piofessional Recording Tape. 

Soiindcraft is the only professional 
tape that is Micro-Polished. The only 
tape that is polished, buffed and 
re-polished by a special process to 
produce a surface that is mirror- 
smooth, completely free of even the 
most minute irregularity. The results 
of Micro-Polishing are apparent 
to any sound engineer: 

Lower distortion 

Uniformity of output 

Improved hig-h frequency response 

E}etter head contact 

Less friction, longer head life 



Soundcral't Professional Recording 
Tape incorporates all the features 
de\ eloi3ed by Soundcraft research 
engineers during the last two years: 
pre-coating to insure better adhesion, 
lirevent curi ng and cupjjing — 
dry lubrication to eliminate squeals. 
The 7" reel has the 2%" hub, 
eliminating torque problems and 
resulting in belter timing. All this, 
plus a splice-free guarantee on all 
1200' and 2500' reels. 

Why settle for less than the best? 
Next time, insist on Soundcraft 
Professional Recording Tape. 
It's Blicro-Polished ! 




REEVES 



•PATENT APPLltD FOR 



WRITE FOR FREE INFORMATION— DEfT. B-6 



SOUNDCRAFT 

10 East 52nd Street, N. Y. 



CORP. 

22, N. Y. 
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CL'WMINL' I M I INmLL CANBY 



I've ji'ST HEKx audid-visiializiiiK :i couple 
of Btvtluiveii violin sonatas, thanks to tiie 
Docca njnipaiiy. The solid album, re- 
viewed on page 48. in whicli the complete 
set of ten sonatas for violin and piann is 
issued Cdiitains not one, but two equally im- 
portant and complementary recordings of 
the music. Five plastic discs constitute the 
audio record. Forty-odd shiny pages of 
nuisical ncitation in an album-sized bonklet 
omstitute the complete visual reoird. These 
tw(). between them, are the present-day es- 
sentials in the preservation of that nebulous 
thing, the original work of nmsic — which of 
all forms of human expression is the most 
transitory, an intelligence that is of the 
moment, gone with each instant of living 
perf* irmance. 

Alusic is preserved in another way, too, 
passed on from one artist to another as a 
living tradition. Folk music has always been 
sc. Composed music, more than most of us 
realize, depends very largely too. ui)on the 
audible passing-on of the ways of perform- 
ance from one perstpn to another, by 
imitation and embroidery. lUit this endless 
chain of shared experience is not a record- 
ing. It operates tluidly. with freedom, the 
shared experience shifting, changing, grow- 
ing, ebbing, according to its passage from 
one perscpn and one gnnip to another. 

This is the process of legend, of folk lore, 
and it is a vital thing in luim.in life — but it 
is, again, no record. We all remember the 
children's game where a message is passed 
by whispering from one child to the next 
around a large circle — to emerge fantasti- 
cally garbled at the starting pitint. \Vc all 
know the power of gossip and the unreli- 
ability of the eye-witness, after the fact. 

Until recently, there was. then, only one 
way in which nmsic could be exactly pre- 
served even in any aspect of itself. Since 
the Middle Ages, music has been ''coded" 
into those complex hen tracks we call 
notes, and with a remarkably good level of 
accuracy. One cannot measure it mathe- 
matically, but I would suggest a figure of 
20 per cent for our very early written nmsic, 
perhaps 60 per cent for the age of Bach, in 
the 18th century. That is good — since notes 
are not music itself, but a mere coding of 
the gist of music. 

By the time we get to Beethoven, in the 
last century, the power of passed-on aural 

*7H0 Grcenii'tch St,, A'cu' York 14, \\ Y, 



Keeping the Score — I 

tradition becomes more iniiiiediate. We 
have a fairly good idea of the actual sound 
and the expressive intentions of such music. 
Our nuisical elder statesmen have heard 
famous performers who. in turn, had heard 
those who were alive in the time of Bee- 
thoven, h'veii so — we cannot rate today's 
Beethoven at anywhere near 100 per cent 
as a record of the original, even including 
the known traditions along with the cryptic 
code. .-X high fi^llre would be 85 per cent 
for the aural tradition plus the written 
notes. 

The Visual Library 

Music has been preserved in the code<l 
form for roughly a thousand years in recog- 
nizable modern notation. The library of 
music is an august and awesome collective 
institution. sec(Piid only — in the way of 
codes — to the still greater and older library 
of writteii-down language. Printed music, 
new and old. thus has the sanction of cen- 
turies of scholarship and of the composing 
art. In its vastness of organization it is 
nothing less than one of the very rocks upon 
which the knowledge of the continuity of 
our Western culture is founded, A priceless 
heritage, as the old saying ^oes. It's hardly 
sunirising that for many an expertly trained 
musician, many a collector and many a 
trained librarian, the printed music is 
music itself. And yet the plain f.ict is that 
it is not. Xor. today, is it the sole infallible 
means of preserving the thing itself — the 
audible art. 

Platitudes? Sometimes things are so (ob- 
vious that we don't see them. I d<m't think 
enough of us realize the significance of the 
audible recorded sound as a record, it is 
so new in the face of the .iiicient and es- 
tablished visual method of recording. I am 
not for an instant suggesting that printed 
music should be thrown out of our thou- 
s.ind-year libraries, and plastic discs filed 
aw.iy instead ! But 1 cannot help feeling 
that, after a thousand years of the visual 
system, we have come to place somewhat 
more emphasis on the sacrcdness of the 
printed note than is called for. Musical 
notation remains, for all our scholarship, a 
code, and a highly ambiguous and flexible 
one at that, in more respects than most 
musicians like to admit. That is no criticism 



4pf the "system" — Uw music is by nature, 
by its very need f^pr constant re-cit-ation, a 
flexible and adaptable art. Xevertheless — a 
code it is. this notati^pii. 

We must. then, learn to treat our present 
two methods ipf musical pre>ervati(.pn a> 
e(|uals — unlike equals, coniplenieiiting each 
other. There is a tremendous need for our 
professional musicians and our music li- 
brarians to accept the audible record 011 a 
par with the visual, so that a beginning 
may be made towards working out a sys- 
tematic fding and working method that 
can equal the international lupok-lihrary 
visual .'Ny.'Ntems that have developed over 
centuries, ^^usieians. librarians, and teach- 
ers espeeially. mu>t learn to value the au- 
dible record as highly, in its place, as the 
visual record. That is far fripiii the case in 
many areas of music right now. 

The Audio Listener 

But — .ind here we come to a perhaps un- 
expected point — what of the other side of 
the coin? There are vast numbers of music 
listeners today, many of them highly skilled 
in their knowledge of audible music, of 
performance values, styles and taste — 
genuine connoisseurs in plain fact, who 
nevertheless have not the slightest knowl- 
edge of the musical coding system, and 
profe.ss to want none of it. Recently the 
hi-fi fraternity (as it is more and more 
commonly called, in a derogatory sense) has 
especially distinguished itself by its ignor- 
ance of the one method of preserving sound, 
in favor tif a highly technical knipwledge 
of the other method. T am here to suggest, 
then, that the hi-fi hobbyist and the re- 
corded music enthusiast alike should learn 
the fun<lamentals of the xcrittcn musical 
language — for their own higher enjoyment. 
I am here to congratulate Decca for its 
su|>erl> dual Beethoven recording — offering 
both kinds of musical record in tlie most 
convenient and economical form that each 
can assume. Also Westminster, for similar 
dual recordings of the Bach Knglish and 
French Suites for harpsichord, and several 
other companies who have already released, 
or plan to release dual albums with record- 
ing and musical score. A fine idea. We all 
should follow sc<^>res. 

But how? It would be scarcely cricket 
for me to "cease fire" at this crucial point, 
having delivered my sermon on the moral 
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Is everything... 



For it U a f;irl, tluit of thr llioiisund^t of Al I)A\ 
iisor», more tliuii 50% l>oiif:lit the Al I)A\ POLY- 
PHASE — »'vrii ilioii{:li thfv alrcaJv owiumI oiIht 
iiiak<-!> of pi<>kii|i<>. 

The n-v4ilii|ioiiai-y twvt r<Tor<U art* »o Ii'ik* to tUo 
oi'ifiiiial lliul aliiiO!>l anv pi<>kiip is Im>iiii<I to ^ive 
!ioiiu* i*f!*iilt!* . . . bill — it takc» a rcprodiM'tT of 
■ lie hijilicst onl<>r, oii<> sciisili/.iMl to lli<> nth <I<-^i'(m> 
. . . an Al I)A\ <:ilIU)ftlATH: — U» bring out ovt iv 
<iiibtb' ^'hading, <-vcr> iiiiaiirc !>o <>.>i!ioiitial to ibc r(*al 
iiiii.«i<* of whi<-li lb<-!><> <li^k» an- <'ap;ibU'. . . . 

Bl r . . . oiilv V<iii ran <b><>i<l(* wbat »<»iiii<ls bc^t 
l<» von. Se ami Ih-ar tb<> AI DAX CJIKOMATIC 
an<l ^oii \h' the jnilgc . . . Al'DAX vtt^t» no 

iiiorf tbaii <irfliiiar> pi<>kiip». 

(tnly .-tl'UJX proviflo roplacrabilttv at boiiu <hi 

4>ilbcr silyhis — iinlrprnfb'ntlv of tbc o|b<*r. 

New Stvlii* To>l Dis-k now availabb- al vonr dcab-r, 
or wrilr ii*. 





Available with the new Compass-Pivoted Audax 
arms and to fit the high quality record changers 

1933 ELECTHOMC I'HOM) F tCTS now 
uvailahie at ytmr favorite fitore. 
or write us. 



One slfiKle magnetic pickup 
plays all home records 



AUDAK COMPAIVY 

500 Fifth Avenue Dept. AE New York 36, N. Y. 

Creators of Fine Audio-Electronic apparatus for over 25 years 

Standard l^liick Otlur6 ^^ud^d and Uafued 
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The NEW ^ 
DC-AG CONVERTER 



by (^Jtetf 



I obligation we all have to learn 
I imisical notation I 




Delivers MORE Power 
for PROFESSIONAL Use 

These latest-of*all Carter DC to AC Con* 
verters are specially engineered for pro* 
fessional and commercial applications re* 
quiring a high capacity source of 60 cycles 
AC from a DC power supply. Operates 
from storage batteries or from DC line 
voltage. Three "Custom" models, deliver* 
• ng 300, 400, or 500 watts IIS or 220 V. AC. 
Wide range of input voltage, 12, 24, 32, 64, 
110 or 230 V. DC. Unequalled capacity for 
operating professional recording, sound 
movie equipment and large screen TV re- 
ceivers. Available with or without manual 
frequency control feature. 




HOW lEADINC NETWOttKS 
USE CARTER CONVERTERS 

PhBla iltswi Tammi Bartlrit, itu- af NBC 
••■Wtlctur* Trjv«ll.r&" progvJtH^r ibnrd 
M.r.e, R.R, "Twilithi Limhim/' HliCartir 
"Cyiti>[Ti<" C*nvEf1tr injkH rtcAf^iHg pvt. 
fiilt t-n Ii9ap4 Itir train, ittn rtguhr trjin 
currrni i:cnvFrlrd to 11^ V. AC. R^di^ 
wntm, lUtlnni, pranrain (fH^UCrn ui4 

^pv^ rEC4ri]in|. 



MAIL COUPON FOR CATALOG 

§Ifl]©ff MOTOR CO. 
2648 N. Maplewood Ave. 
Chicago 47 

p Carter Motor Co. 

I 2648 N. Maplewood Ave., Chicago 47 
I Please send new catalogs containing com- 
I plete information on Carter "Custom" Con* 
I verters and other Rotary Power Supplies. 

I Name 
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Four Ways to Read Music 

Fir.st of all. Rct it clear in your mind 
tliat there are four ways in which musical 
nutation may he read; you will he involved 
in (inly one and that l)y far the simplest. 

(1 ) Musical sound may be directly pro- 
duced hy first reference to the scure. This 
i.s active reading. Actually, sight-readini? — 
the translation at first sijjht — is relatively 
unimportant and seldom produces real 
music, except from a few near-geniuses who 
can get a maximum of sense and execution 
.siiunltaneonsly at the very first look. Most 
sight reading, even when it is technically 
correct as to pitch and rhythm, is soulless 
and uiuiuisical. liecause the real sense of 
music must be felt and understood before 
it can be played iiUelligibly. Sight reading, 
therefore, is used widely in music as a 
derogatory term — -"mere sight reading," is 
very acid criticism, 

(2) Ry far the more common use of 
musical notation is as a reminder, a 
prompter. Thus, after adequate rehearsal — 
many playings and much study — an orches- 
tra player "reads" his part at a concert, 
followinii it exactly, but with a foreknowl- 
edge of what is to come that usually keeps 
him mentally well ahead of the actual nmsic. 
When a page is turned suddenly, your con- 
cert performer can usually go on for a good 
distance before his memory-of-the-moinent 
fails him. This sort of reading extends all 
the way from the end of sight reading to 
tlic beginning of straight memory work. It 
is the largest direct usage of the printed 
111 ite. 

(.?) There is an elusive sort of reading 
that produces music only inside the head of 
the reader, without ontwartl sound. This 
Sort of reading is hard to assess because it 
is .seldom outwardly put to the test ; many a 
inu.sician picks up a score, casually looks it 
o\-er and announces, "yes, ye.s — quite inter- 
esting." or a suitable variant ; liow nuicli 
actually does he bear? An interesting ques- 
tion. 

It's surprisingly easy, with practice, to 
get a good idea of the general style and 
sense and even sound of a nuisical score 
without hearing the tones in their exact 
pitch relationship. (Rhythm is easier, on 
the whole.) One can even judge, to some 
extent, the worth of a piece of nuisic in 
this fashion. This is entirely legitimate. 
Hut. since it's not easy to cliallenge this 
kind of reading, a lot of cocksure people 
g:et away with impressive nmrder. some- 
times not even consciously. They think 
they (iiv hearing the nuisic, inside. 

^^any of us can hear written music with 
reasonable accuracy but not necessarily at 
its correct absolute pitch. .\ few experts 
can go so far as to pitch the music uner- 
rinnly. simply through vast experience 
rather than any inborn special sense of 
absolute pitch. I'll have to say. modestly, 
that on occasion I can do this — iiit the right 
pitch. I don't have absolute pitch. Instead. 
I am familiar enough with the sound of 
seme types of music to be able to reproduce 
in my mind even the proper pitch of the 
notes, as printed. 

.■\s a choral conductor I know that a 
leader can rehearse a strange piece with 
only a slight knowledge of its sound before- 
hand. The instant the actual sound begins 
to come forth in reality, such a person can 
jump far ahead of the individual perform- 
ers and keep ahead throughout the study 
process. That applies to conductors of or- 
chestras, too — not to the big ones, but 
many an inexperienced begiimer. who gets 



to follow his start by this sort of quick mind and 
clever bluff. 

(4) Finally, there is the extremely simple 
kind of score reading that consists merely 
in folhiwing the printed music as someone 
el.se plays it. That is the kind that is of 
importance to listeners of audible record- 
ings. It involves an absolute minimum of 
technical understanding. The music is 
played for you and the only "mistake" you 
can make is to lose your place! The work 
is nine tenths done for you, but the pleas- 
ure and detailed knowledge of the music as 
it progresses is e((uivalcnt to the satisfac- 
tion had from a good map of a strange city 
or a floor plan of a large building. You can 
see where you are and how things are 
organized, as they appear before you. The 
eye, in music, thus aids the ear in as- 
sembling the large audible time-picture. 

I propose to do here, from time to time 
in future issues, what is perhaps a bit 
novel in a periodical of this sort, give sonie 
specific directions as to score reading. Ket's 
begin, briefly, with the following : 

Pifch and Rhyfhm 

The two basic writtcn-down elements of 
musical notation are pitch and rhythm. Both 
depend on mathematical relationships that 
are largely relative — i.e., they are propor- 
tions. There is an element of fixedness in 
|)itch. but it is occasioned mainly by the 
needs of the instruments ; it is not an es- 
seiuial of music: for a work of nuisic is 
recognizably the same even when the en- 
tire pitch is changed — so long as the rela- 
tive values remain constant. In pitch, these 
values are frequency proportions. The same 
i< true with rhythm. There is a roughly 
"right" speed for any work, but if the inner 
time proportions remain constant, the music 
may be slowed down or speeded up and 
stili remain quite recognizable. 

These basic relativities have directly to 
do with the latitude of musical interpreta- 
tion that we know is accepted in the nmsical 
world. The score itself is rigid aiul must 
be so by its nature. Hut the nuisic made 
from it may vary in many ways, yet still 
rmiain within the reasonable bounds of per- 
formance. 

Two basic assumptions must be made in 
order to write down music — and it took 
many centuries of thought before these ob- 
vious concepts were worked out. 

(1) Pitch must be conceived of as lying 
ill a vertical plane. A progression towards 
faster frequencies ("higher") is up. to- 
wards lower frequencies is DOWN. This as- 
sumed relationship is so graphed on paper. 
(.\ similar conception, equally arbitrary, 
i.s the idea of "north" in a map. Note that 
we speak map-north as "up" or at the 
"top" of the page, when actually the top 
may be facing south.) 

(2) Rhythm, the time relationship in 
music, must be conceived as extending from 
left to right, right being towards the future. 
(.•\nother simple idea that, however, took 
whole ages of time to develop before writ- 
ing could be perfected.) The vertical plane 
equals simultaneity, in this respect. 

Given this much, as anyone can plainly 
see. the creating of a score — and the reading 
of it— is basically a matter of dividing up 
the page in two dimensions to correspond to 
the patterns of the music. One reads 
rhythm somewhat as one reads printed 
words, progressively from left to right. 
One reads the associated pitch (or recog- 
nizes it as it is being played) by the verti- 
cal position, up or down, of the printed 
notes. Simple ! 

Secondary matters — volume, the required 
instrument or voice and the type of playing 
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Harvey is proud to announce 
its appointment a-, a distributor of 

AMPEX 

Precision Magnetic Recording Equipment 

AH .nclels are on De.uons.ra.ion a. .he Harvev AlH^IO.™^ 
a.ul are Available for I.nme.lia.e DeUver.es .hrec.ly from Stock 

irrile lor Complete Details 




The ORIGINAL 

WILLIAMSON 

HR-IS 

Amplifier Kit 



The famous, original ^ 

Witliamioo HR-15 ... <^ 
still acclaimed the 

leader ... in kit form, ^ 
with the Partridge Out. 

put Transformer specified by Williamtan in his original design. Assemble 
this kit, and in 3 hours or lets, enfay the finest sound you ever heord. 
Operates from a tuner, phono. preomp, cryttal pick. up, ar .other signal 
source. Absolute gairv is 70.8 db with 20 db af feedbock. Frequency 
response: —.5 db, fram 10 to 100,000 cps. Output impedances lo motch 
all speokers from 1.7 to 109 ahmt. Kit is complete with 5 lubes: 1-5V4, 
2-6SN7, and 2-5S81 (or 807 if requested), 2-Punched Chassis, 2-Resistor 
Mounting Strips, Sockets, Partridge WWFB Output Tronsformer, Assembly 
Instructions, ond All Other NeCetsary Partt for Amplifier and Power 
Supply .576.50 



th Partridge CFB Output Transformers [hermetic- 
- S90.00 




HR-15 as obove, but 
ally seated) 

PARTRIDGE OUTPUT TRANSFORMERS ovoiloble separotely 
WWfB S26.00 CFB 

NOTE: HR-15 and Kits may be had with British 
KT-66 Output tubes for $3.00 additional. 



PARTRIDGE 

Audio Output Transformers 

Fomous in England for their use in the original 
design of the Williamson Amplifier, Partridge 
Output Transformers are now made available in 
this country in four different primary impedonces 
for other amplifier oppli cations. These Ironsformers are built to the 
very highest standards and are intended for equipment reproducing the 
full oudio bands with the lowest possible distortion. All Model CFB 
transformers are hermetically sealed and will withstand climatic extremes. 
Power rating is 60 watts from 30 to 30,000 cps with less than 1% 
distortion without negative feedback. 

Secondary v/irtdings furnish outputs to match the following loads: .95, 
3.8, 8.5, 15.2, etc., to 60 ohms. 

Dimensions: 5Va" x 5" x 5" high. Weight: 10 lbs. Each $40.00 

Specify Primary Impedance desired: 4,000, 5,000, 10,000 or 12,000 
ohmt. 

Visit the HARVEY AUDIOtorium 

If you wont to See and Hear the finest . . the widest selection of 
high fidelity equipment ... be sure to visit the HARVEY AUDIOtorium. 
It will thrill you. 




The NEW 

MINIFON 

tA\n\o\ure, Portable 
WIRE 
RECORDER 

Measuring only \ Yt x 4Ys x 6%, and weighing only 2 lbs. 
7 ozs., the Minifon is just about the world's smallest sound 
recording instrument. Records, rewinds, erases, and ploys back 
through either a pair of stethoscope type earphones ar an 
external amplifier. Capacity 2'/2 hours uninterrupted recording. 
Powered by 1 '/2 ^- ^ battery, standard 30 v. B battery, and 7 
Mallory RM-4Z mercury batteries. An ideal tool for executives, 
engineers, doctors, and wherever there is need fDr recording 
notes, interviews, and other data. 

Complete with microphone, stethoscope type earphones, ^989 50 
1 hour ipoot of wire, tubes, batteries, end instructions. '•^ * 

Morocco Leather Zipper Case 510.00 
Transformer-rectifier Unit for operation of motor from 

117 V. AC line S20.00 

RECORDING WIRE On spools, in dusl*proof plastic 

containers, suitable for mailing. 

1/4 hour $5.00 1 hour $9.00 

y, hour 7.00 2 hour 17.00 

2Vi hour 21.50 

In Stock for Immediate Delivery 

SCOTCH Brand No. 120A 

High Output MAGNETIC TAPE 

A new, inproved coating providing ot least 8db 

more output than conventional magnetic tapes, with 
no increase in harmonic distortion. Retains oil phy. 
sical ond magnetic properties: high tensile strength, 
freedom from elongation, stable anchorage, low 
noise level, ond ease of eraseability. 



Size 

600 ft. on plastic reel. 
1200 ft. on plastic reel. 
1200 ft. on plastic prof. reel. 
2400 ft. on NART6 hub.. 
2400 ft. on NART6 reel 
4800 ft. on NARTB hub. 
4800 ft. on NARTB reel. 



List Price 
$ 4.00 
6.50 
7.00 
13.00 
15.85 
26.00 
32.00 




Consumer and /ndusfn'of Discounfs App//cab(e 



NOTE: Prices Net, F.O.B., N.Y.C. Subject to change without notice 
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ultra-fidelity 

uttra-tttility wuh vltra-smurt i 



"LIBRETTO'' 

r«nwf« 
control 




HEAR the difference, SEE the difference 
in the f^^dil^i/u/ model 1826 
ultra-fidelity ensemble 



:) 





The proof of unprecedented 
superiority of the new rauland 
Ultra-Fidelity Ensemble is in 
its unmatched performance. 
That proof awaits you now at 
your Hi-Fi dealer. The Master 
^1 Amplifier is of matchless 
quality. The unique self-powered 
"Libretto" Remote Control-Preamp, ^ 

with its amazing flexibility, 
is an ingenious innovation. The 
_ laboratory tests are a revela- 
tion, but the ultimate proof of 
superiority is in the thrilling 
listening and operating experience. 

The specifications summarized 
below can only hint of the quality 
of this new dimension in sound. 



the master amplifier 

V A truly superb instrument 
with fi^quency response of 
+ 0.3 db, 20 to 40,000 cps at rated 20 
watts output. Harmonic distortion less than 
0.5% at rated output, less than 0.3% at 10 
watts. Intermodulation distortion less than 

0. 4% at 1 watt (home level), 0,7% at rated 
output (measured at 60 and 7,000 cycles 4 to 1 
ratio). Output imp., 8 and 16 ohms. 4-posi- 
tion input selector — for magnetic pickup, crys- 
tal pickup and 2 auxiliai7. Dimensions: 14" 
X 9" X 8" high. 

the LIBRETTO 
* remote control 

Atrueremotecontrol.com- 
pletely self-powered and capa- 
ble of operation several hundred feet from 
amplifier. Uniquely fashioned in the form of 
a luxuriously bound book (only 8V4 x 1 1 x 2" 
thick). Backbone lifts to provide easy access 
to tuning controls. Operates flexibly in either 
horizontal or vertical positions. 

CONTROL FUNCTIONS 

1. 6-position crossover control (flat, liO, 300, 
4i0, 700, 1000 cycles). 2. 6-position roll-off con- 
trol (flat, - i, - 8, - 1 2, - 1 6, - 24 db at 1 0,000 
cps). 3.VoIuine Control — instant choiceof convention- 
al control or loudness control. 4. Bass Tone, -1-24 db 
to - 20 db at 20 cps (db calibrated). 5. Treble Tone, 
-|-18dbto-30dbatl 0,000 cps (db calibrated). 

Cuttom-Engin»»nd, Cutfom-Sfylad 
For Audio Connoituun 

if III* DAULAND 
1826 Ultro-Fidality 
•nt«mbl« at yovr t1i.Fi 
dealer, or write for 
fvll detailt. 

RAULAND-BORG CORPORATION 

3515 W. Addlten St., Dept. AO, Clilcage IS, til. 




I 

wanted, arc all takc-n care of within this 
IraiiicwDrk. Word.';, when ii.'ied, are added in 
the pmper time-siiaces. l"<ir the rest, all 
sorts of siihtleties of laiiRiiaKe and oodins 
I take care of that 2ll-t(i-S5 per cent accuracy 
that I've already susge.-ted as optinuun in 
notation. 

* * * 

j With only this much kuowlcdtie — and 
I tiiatiy readers know a lot more — you can 
t fc/ltw a printed score without too much 
trouble, or learn to follow one hy simple 
tlirect ohservation allowing the sight and 
I sound to reach you sinutltaneonsly. I'll j;o 
on, ill a later installment, to sive more 
specific information for those who wish to 
use it. 

RECORDS 

Beethoven: The Ten Sonatas for Violin and 
Piano. Joseph Fuchs. violin; Artur Balsam, 
Piano. Complete miniature score included. 

Decca DX ISO IS) 

I A mumuneiital ami well exocutt-cl j(>I>. tlii>. 
' tluuiKh nut uliat 1 would call a tlisplay of super- 
I hrilliancc. 'I'lie iicrformer? are first class, esiK-cially 
the cxccllfiit Fuclis. Imt tliey dn not rcaeli the 
I peaks of i-xcitcinent an<l emotional intensity that. 
I for exampk-. the inemoralile team of Itusch and 
Serkin couUl inanaffc- Xo matter ; these players 
' are more accurate and. over sncli a louR stretch, 
decicledly prefcrahle. ( 7tn>ch was highly erratic 
I atiil even Serkin conlil scarcely snstain hi- he>t 
intensity for sn Imig.) 

Rccordinjf. in my copie*. is varialdc, from 
fairly (rood to very K<><>d. The hest seems to he 
the disc with the famims "Krentzer" sonata, 
phis the short first sonata; some of the other* 
seem less clean and sharp and at least one— thank* 
to Iteetlioven -pnts too ninch on an LI* si<le, 
with consecnient <Ii>tortion at the inner Kroove?., 
Violin is close, piano at a little distance, hut the 
Idt-nd is acceptahle. TJccca's surfaces remain cr- 
ractic. 

*I'he incluileil score, a reprint of a reprint of 
an authoritative German edition, is a stiperli 
addition, especially for this music which, with its 
two clear- cut elements, is tuinsiially easy to fol- 
low on the printed page. For those with even a 
hit of piano under their fingers, the pleasure in 
licariuK ami --eeinK i.s ji^cat- -how smoothly and 
contpeti-ntly those complex masses of notes come 
forth, as the pajres turn. 

Borodin: Prince Igor. (Acts I. II. IV). 

Russian soloists; Chorus and Orchestra 
CABT of USSR. Russ-Engl. text. 

Period SPL 552 

If yon have enjoyed the familiar I\iK>vtsian 
l)anee>" music — or if >ou find Russian siuKiiiK 
ami Russian opera excitiiiR. you'll he euiifuis 
ahout this, anion (; numerous recent Rn><iau 
operatic <ttTerinKS. Well worth its co<t, if >on 
don't miufl some distortion in the sound; hut it 
won't do for hi-fi fans, that's my verdict. 

More specifically, the nuuic is that hiend of the 
lilting and tuneful an<l the daik. solid Rus>iaTi 
folk music that one niiKht expect from this school. 
More lyric, le» ruKKfl than "Itoris CIodnnotT" 
of Slonssiirgsky, hut far more sincere and lik- 
ahle than the slick stntT of Kinisky- Korsakoff. 
I The Rns>ian voices Iiere are as (food a> tlu-y 
j Usually are. which i< extremely fine, notahly the 
j two hass-haritones in leading mles. 
I The distortion is almott entirely the sort which 
I is due to overloading, somewhere ahniR the re- 
I ctirding proci-ss. The softer parts are nicely clear. 

with acceptahly wide tonal range, but at the 
, slightest suKgestion of climax the soimd goes 
I into a taiU|>in of unpleasant confusion. 
I Why, 1 wonder, is this often a characteristic 
of Russian recording? Is there an engineering 
generali/atinn that might account for it ? Same 
thing is true with Vanguard's recordings of 
rrokoffieff and Shostakoviteh cantatas, recently 
issued. 

'I'lie Russian text is printed in Western letters 
a procedure 1 haven't seen hefore. Wonder why. 
1' you know any Russian you can rca<l it. Cood 
answer: yon can at least follow the siKiken words 
phimetically in this way, understanding or no. 



I have not heard the rival Vox version of this, 
hut here, at least, we have the greatest of Mahler 
orclie>tral interpreters. Walter, plus the contralto 
of his own perennial choice and a leading (lermau 
tenor, phis a heautifully clean and gulileii fi'rr 
rtcordiiig. That makes it a top job, though there 
are some interesting reserv.-itious to be niade. I'm 
still not Convinced that Fcrrier is the ideal 
Mahler singer, with Iter so->o diction, though 
she is certainly a great artist and well suited to 
these philosophic songs of tragic re>igiiatioii. 
Pat7ak is not a strong tenor, though 1> ric. and 
his performance is nii>teady here with sonu- 
mutTed high notes. 

What is of special intere>t to the technician is 
the extraordinary balance between the solo singers 
(who alternate in tlie seven songs) and the large 
orclic>tra- -for here, apparently, is an attempt to 
restore the literal concert hall balaiice of loudiu-sv 
that is so seldom heard in today's close-up re- 
ci^nliugs. In place of the expected loud si do 
souihI. these t wo soloists are surprisingly faint, 
rising to good volume in their loiide>t pas>ages 
but almost iiiaudilile in the midst of the orclie>tral 
>(uind when their notes are Icss than forte. 

Strange — because it is so unsatisfactory, even 
though this i* surely very close to the balance 
that might be lieanl from a concert hall >eat. 
The reasons are not hard to pin down. 

The ineffectiveness of the*e literally miked 
solo voices is partly due to as>ociation — we have 
become so familiar with the prevailing close-up 
tecluu(|ues, using solo mikes for selective ampli- 
fication of the solo, that we cauiuit immediately 
adjust to this thin vocal souiirl. 'midst the huge 
orchestra. 

But there is a deeper rea-on. This is a 
m<niaural recording. The monaural medium can- 
not afford to lose immediacy and direct contact 
with the soloist to the extent that is po>sibIe 
binaurally in a concert hall — with the aid of the 
two teamed ears and the visual sense. 

In concert we hear with two ears and see with 
two eyes. Reduced to the monaural situation, with 
but one recorded channel and no eyes, the stage* 
sound of a solo voice is too fairtl, too out-of-touch. 
We must necessarily resort to the synthetic selec- 
tive ainplificati<Hi of the >olo that is now standard 
tecliiii<|uc. llow much of it to n<e is a niee <|ueK- 
tiou- -but some there mu^t be. We cannot be 
literal, in m<inanral repniductiini. (For further 
study of this interesting (|uestiou, try RCW's 
reissue 1-1' of Lchmann in Straus*" "Roscn- 
kavalier," LC'T 6005. See JF., March 195.^) 

UUHF 



The 



Turntable HF-1 (10" 78 



I Mahler: Das Lied von der Erde. Kathleen 
Ferrier, Julius Patzak; Vienna Philharmonic, 
Bruno Walter. London LL 625/626 (2) 



m' groove ) 

The pidjlishcr of this extraordinary new lu-fi 
disc sent me test pressings, accompanied by a 
long letter describing the infinite care which was 
taken in order to produce the finest possible qual- 
ity — and so enthusiastic was the account, that he 
completely forgot to mention the musical contents, 
.Vor did the pressings help; the enligliteuing in- 
formation thereon consisted of the words TKST 
VH F.SS 1 N< > an<l not a thing else ' Hence the 
above somewhat cryptic listing. I .\lso omitted 
was the groove size and recording speed. I figured 
that out by the look-aud-listen method.) 

For your information, the musie is jazz (using 
that term loosely) and it is not only good jazz, 
to my ear at least, hut is extremely well chosen 
for the purpose — top quality hi-fi reproduction 
from every angle. The recording is done with 
exactly the right semi-intimate, close-up warm 
liveness. and the balance of the several in>trn- 
ments. including piano, T>ercussion battery, clari- 
net, trumpet, trombone, is first class. 

This is more, then, than a technically high- 
quality disc; it is a true hi-fi recording all over, 
from choice of material, acoustics and micm- 
pluiuing right on through. Troof of this is that it 
will make any phonograph sound its best, includ- 
ing the cheapest home squawk box. I've tried it. 

This material represents to my mind an excel- 
lent example of the optinmm musical sound for 
the recording me<lium. It is, of course, strictly 
"chand)er music." played close«lo in a relatively 
small place- no "concert hall" liveness. It is an 
ensemble of sharply contrasted soloists, each re- 
produced at the optimum distance for good effect. 
The same physical principles of desirability apply 
to other types of music with a similar make-up. 
Itach trio sonatas, Schubert's "Trout"* Quintet 
(with piano and double bass), Stravinsky's "His- 
toire du Soldat," Varese's "lonisation" — to name 
a few examples. There is much to be learned 



48 



AUDIO ENGINEERING 



JUNE, 1953 



www.americanradiohistorv.com 



about good recording' from tliis disc if you will 
keep a wide-open mind. Wonderful jazz, too. 
Wonder who plays it. . . .? 

78-r.p.m. microRioove is clearly the coming 
medium for specialised hi-ti discs. Six or more 
minutes to a 10-inch side is fine for the purpose. 
Only practical drawback: ^roo^e skipping is 
more likely than in other media, given slight 
jarring, but tliis is not important for the hi-fi 
specialist. 

Coeb: Symphony J^3. Bartck: Sonata for 
Two Pianos and Percussion. Leopold Sto- 
kowski & His Orch.; C. Yessin and R. Vi- 
ola, pianos, E. Jones and A. Howard, per- 
cussion. RCA Victor LM 1727 

An interesting' disc of In-fi material. The Bartok 
opus is perliaps the most unerly furious work of 
percussion writing conceived to date. It uses Ihe 
pianos violently, percussively ; its battery of 
drums, xyloplione, and cymbals are used with 
extraordinarily furious exactitude, the rhythms 
asymmetric (no two measures alike, nuich of the 
nnisic in rhythms of five, seven or violent alterna- 
tions of primes). The extreme care in which the 
tiniest details of the score are indicated is matched 
only by the extreme violence of the result. There 
is no other work like it, except possibly the related 
(and milder) Music for Strings, Percussion, and 
Celesta. Of special interest are the "sliding" 
kettle drums, which change pitch during a roll, 
via fout-pedal tighteners. 

A sirikiTig pcrfonnaiice, this, (to use an apt 
term)- -but I don't like the large background 
"concert hall'* livencss. It is not suitable to this 
20th century music and merely injects a soften- 
ing and blurring element to weaken the effect — 
as the same would do with a jazz trio. This is 
not rirahms or Wagner ! 

Other than that, and a slight thinness of piano 
tone. youMl find no complaint — the percussion^ 
partieiilarly the xylophone and other high per- 
cnssives, are stunningly good. Not for lovers of 
old fashioned charm, but those who like jazz and 
bop and the rest will fmd this intensely exciting 
and remarkably "of our day" — for tlic product 
of a good Hungarian. 

Tlie Geob symphony, modern American, has 
much fine brass and percussion writing of a more 
sonorous kind, well suited to Stokowski's favorite 
huge Hveness. The symphony is no dry work in 
spite of a lot of noise; it reflects some llindemitli 
and Copland, is well and linearly written but to- 
wards the end falls into what begin to sound a 
bit like modern cliches. (We've got that far in 
the modern idiom.) Fine stuff for your system, if 
you want a change of hi-fi material. Crackly 
surface. 

Crieg: Symphonic Dances, op. 35; Nor- 
wegian Dances, op. 64. Danish National 
Orch., Tuxen. Mercury MC 10132 

Nicely proper stuff after the precedmg Bartok. 
Melodic, sweet, not particularly "hi-fi" except for 
some good drum passages. Huge liveiiess here, 
and it sounds like a one-mike job at (for our 
taste) a shade too great distance. Waticr of taste. 
H you like Anitra's Dance and the rest, vou'll 
like this. 

Respighi: Pines of Rome; Fountains of 
Rome. Minneapolis Symphony, Doratt. 

Mercury MC 5001 1 

I don't have Westminster's recent Pines and 
Fountains with me at the moment ; see JE for 
April for an extended discussion of it. This one, 
a^ indicated then, calls for the milder and better 
AF:S curve instead of the NAll with its very 
sharp preemphasis of highs. It is interesting to 
find that, when properly equalized, this version 
has sharijer musical highs- in the recorded sound, 
quite aside from the recording curve. The dif- 
ference is luidoubtedly in the miking; Mercury's 
single " cicfunken at 15 leet trom the podium picks 
np more direct highs iu the tonal coloration. A 
tricky difference. Many a listener has confused 
the balance of highs in tlie original recorded sound 
with the balance obtained in record equalization 
or mis-equalization. Might easily think this disc 
was the more strongly pre-emphasized, but it's 
nor. Westminster's has the sharper Ingli end. 

r.S. That nightingale is here again, in the 
Pines; ihis one is louder and clearer than West- 
minster's and so sounds more incongruous and 
unlikely. Respiglii's iault. not .Mercurv's. 




attractively styled 
permanently plated 
ruggedly built 



The New TURNER 90 
Carbon 

Mobile Microphone s.e , „/.^ ^./-. 

Ideal for your mobile rig. A permanently plated 
microphone with real eye appeal. Designed and 
built to comfortably fit the hand . . . engineered 
for maximum response to voice, minimum distor- 
tion. Rugged zinc die cast case plated with durable 
satin chrome. 

You have your choice of a heavy-duty, push-to- 
talk switch, an on-off relay circuit switch, or an 
on-off microphone and external relay switch. Equip- 
ped with 2 or 4 conductor cable ilepending upon 
the Switching arrangement you order, regular cord 
(5 feet) or Koiled Kord (11 inches — 5 feet ex- 
teiuled). Choice of hook for hanging or bracket 
for wall or dashboard mounting. Frequency re- 
sponse, 200 to 4,000 cps; output level, —42 db; 
200 ohms nominal DC resistance. 



ll 



a new slim, modern 
low cost dynamic 





Speakers are seen as well as heard witli this new, 
popularly priced dynamic. Its excellent sound char- 
acteristics make it ideal for high quality P.A. and 
recording work. Ma.ximum sensitivity to voice and 
music with Alnico V magnets and moving coils; 
frequency res|)Onse, 70 to 10,000 cps; out|5ut level, 
— 58 db; standard 5 8" — 27 coupler swings micro- 
phone in 60 arc; satin chrome finish; 20 ft. remov- 
able cable set; choice of 50, 200, 500 ohms or high 
impedance; switcli models also available. 

THE TURNER COMPANY 

929 17th Street N.E., Cedar Rapids, Iowa 



In Canada: Canadian Marconi Co., Toronto, Ont. and Branches 
Export; Ad. Auriema, Inc., 89 Broad Street, New York 4, N. Y. 
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FREE!! 

COMPLETE VOLUME CONTROL 
and ATTENUATOR 
CATALOG SECTION 

as reprinted from Radio's Master 

• Potentiometers • Volume Controls 

• Attenuators • Rheostats 

Send coupon today! 




Ripreiinted In RADIO'S MASTER 
POTENTIOMETER and VOLUME CON. 
TROL Booklet art the prodoets of 
the following manifactarers : 



Get this big Volume Control and Attenuator catalog 
section absolutely free! Reprinted from the In- 
dustry's Official 1220 page Radio's Master, 17th 
edition. 

Whether you buy, sell, or specify, you will find this 
handy booklet extremely helpful for quick refer- 
ence. It catalogs in detail the products of the lead- 
ing Potentiometer, Volume Control, and Audio 
Attenuator manufacturers with complete descrip- 
tions, specifications and illustrations. 



SHALLCROSS 



Summary of Conttnti 

• Controls 

• Control KIti 

• Exact Factory Replacements 

• Aadio Atteniatori 

• Rheostats 

• Potentiometers 



MAIL TODAY 



This offer is 
made possible 
by a special 
arrangement 
between Audio 
Engineering 
and the 
publishers of 
RADIO'S 
MASTER. 



AUDIO ENGINEERING 

P. O. BOX 629, Mineola, N. Y. 

I'lease send me, without cost or obligation, the VOLUME CON- 
TROL and ATTENUATOR Booklet reprinted from Radio's 
Master. 

Name 

Address 

City 



Bnrtok: Dance Suite. Kodaly: Dances from 
Calanta. London Philharmonic, Solti. 

London LL 709 

Itartok and Kodaly were lite-long 1 1 ungarian 
co-W()rkfrs anil arc often conpleil mnsically, as 
here. Kodaly, however, is far more the conserva- 
tive traditional composer at heart in »<|iitc of a 
K<">d modern tonal palette. Therefore we find 
here a diiTcrence not itnltkc that between Hartok 
aii<l (leob on the RCA disc, above. 

The Galanta dances, no.<italgic and HiniK^riaii 
i'l a familiar manner, arc heautifidly snitcd to 
the typical ffrr golden livencss (though I will 
never get to like the too-shiny clos.c-np strings 
of this techni<pie— -that's the way strings sound 
when yon sit too close to them in concert.) Hut 
the Hartok, a more powerful and more modern 
set of dances, is somewhat lost in the very same 
liveness : it has the feel for a closer, drier space. 
Itefori- acii Hiring thi>, try I'eter Itartok's ver- 
sion ; it's hi-fi and as I remember, done with less 
of the golden acoustic. 

Clazounov: Raymonda; Suite. Paris Phil- 
harmonic, Rosenthal. Capitol P-8184 

A beautifully plastic performance of this color- 
ful and innocuous ballet music, beautifully re- 
corded — though its instrumental texture is not 
particularly of the hi-fi sort. Soiuids like an- 
other one-mike job. at an even more pronounced 
distance than the (irieg recording from Denmark, 
above. Wholly aiipropriate in this case ; the 
music is big. romantic, intended for public display 
in the ballet tradition, and goes perfectly into 
this pleasingly live soinid environment. 

Bruch: Violin Concerto; Kol Nidrel. 

Michele Auclair, violin; Austrian Sym- 
phony, Loibler. 

Remington R 199 27 

A soft, amiable, feminine work of violin Ro- 
mance, and this performance is warm and aimable 
itself. The lovely Miehele .\uclair is nicely suited 
to tlie mu.sic though I'd say her t<-ndency to slide 
once and awhile goes beyond the need of the 
music it's not that sentimental. (Similarly in 
K(d Xidrei >hc tries aw f idly hard to sound ini- 
fatluimably Hebrew in the opening lamentation 
of the traditional chant.) This is the kind of music 
where the orche>tra is no more than a fine, in- 
spiring fuzzy background and Remington has 
placed it exactly right in the recorded balance. 
A nice, >oft sound, with indifferent highs, where 
sharp, steely highs would be musically out of 
place anyhow. C>ood. 

Remington's present surface is almost silent and 
very free of irregular ticks and bumps. For most 
puri>oses you can discoinit it entirely as a dis- 
t iirbing factor. The low prices now about match 
those of the Columbia Entrc, RCA Itlue Itird, 
and similar ■'second" lines. 

MUSIC WITH CELLO 

Beethoven: Cello Sonatas Opus 5, #1 and 
^1. Antonio Janigro. Carlo Zecchi, pf. 

Westminster WL 5170 
Beethoven: Cello Sonata op. #69; Varia- 
tions on Mozart's "Be! Mannern". Janrgro, 
Zecchi. Westminster WL 5173 

Four excellent sides of Beethoven in his cello 
expression. This is a tough combine for record- 
ing; piano sound is hard enough to get onto discs 
but the cello is nicely contrived, im fortunately, 
to cover the tonal area where the most trouble- 
some acoustical resonances occur in most phono- 
graph situations. Its middle tones set small cabi- 
nets buzzing, its mcdiimi bass may hit ofT unpleas- 
ant peaks in l>ass reflex speaker cabinets and oth- 
ers that tend towards resonance — and the lowest 
cello notes are ideal for setting up huge standing 
waves in small to medium listening rooms. Thus 
many a cello in recorded form sounds more like a 
double bass in a juke box. 

Westminster's big liveness makes this cello- 
piano combination sound huge. Ciood highs miti- 
gate the relatively bassy sound of the instrument; 
on really good eQuipment it should come through 
beautifully. Hut these are fine discs for energiz- 
ing your resonant peaks and some experimenters 
may be inclined to blame the recording. Ulame 
that last — the room comes first, the speaker en- 
closure next in likelihood, along with loose boards, 
chinaware, etc., even such unlikely annoyances as 
tone arm or motor board resonances may be 
touched off by the potency of rich, low cello tone. 
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A useful kiud of test record for your ovcr-all sys- 
tem-in-action — listeniug room included. 

Virgil Thomson: Suite from "The Mother 
of Us Air'; Cello Concerto. Luigi Silva; 
Janssen Symphony of Los Angeles, janssen, 
Columbia ML 4468 

An intcrt■^tin^f phenomenon, Mr. Thomson! lie 
is our very best music critic and a iK-netratiuK 
analyzer of musical style and content in many an 
idtra-modern idi<»ni as well as the older traditions, 
yet his own music is remarkably consistent and 
comfortably conservative — if that is the word for 
music which uses harmonies sometimes about as 
comjilex as a Koiid Rospel hymn, yet manages to 
hit a nimlcrn feeling cvcu so, I find him more 
pleasing in tlic "Mother" music, built largely on 
guspel-hymn and old*fashioned American musical 
slang, than in the more pretentions cello concerto, 
which must necessarily, as a concerto, take on 
some of the concert hall conventions of virtuosity 
and "liighbrowism." 

This cello is noticeably thinner, less bassy in 
tone than the Weslminsiter and for good reasons. 
It is heard as an orchestral ^-olo, and so is prop- 
erly at a distance and relatively thin sounding. 
The llt-ethovcn sonatas are properly more close. 
A cello in an orchestra and a cello in a ^mall 
ruoni are two utterly ditTerent instruments to the 
rightly placed listening car. 

Schubert: Trio #1 in B Flat. Jean Fournier, 
violin, A. Janigro. cello, P. Badura-Skoda, 
pf. Westminster WL 5188 

Tliis is one of Schubert's most in^ectuou^ly 
light and melodic works, with a wealth of fine 
rhythms, catchy bits of tunc, superb high treble 
piano. The performance is nut as light footed as 
some, though it is highly musical, and the same 
big livene^'s a^ the cello sonatas above perhaps 
adds a trace of elcphantism to the music. For 
many listeners tliis "bigness" will pleasc. since it 
mitigates the "duimber nmsic" sound, but the 
fact remains that the music is not big, pompous 
stulT by nature. Jt needs a thinner, more intimate 
acoustic. 

1 nterestiug technical point here : this is evi- 
dently one of Westminster's RCA pressings. Most 
fliscs from this company are Colimibia-niade, with 
the sharp XAB pre-enipliasis ; but the RCA items, 
as I imderstaud it, have a dilTerent curve with 
less sharply boosted highs, nearer the AKS curve 
— or perhaps the "Xew (Jrthophonic." The difTer- 
ence is innm-fliately noticeable on this disc. You'll 
necfl less roll-ofT of the highs, to match it to the 
similar sound of the Columbia-pressed cello so- 
natas above. (Ccdunibia-inade Westminsters have 
an "XT\'" in the imprinted master number on 
the disc face.) 

Some day we'll have just one nice, broad curve 
for all LI' records. When? 



Nor can I promise yon more than the average 
number of bottom low notes. (.After all. an organ 
composer has a lot of other notes to attend to.) 
Still — this is grand organ recording of its sort 
and it should please many owners of large speaker 
vet-ups. 

Voices of Haiti. Recorded by Maya Deren. 

Elektra EKLP-5 

The fact that the convincing sounds on this 
record were made on a wire recorder, powered by 
a car battery, is only one aspect of its mterest. 
Among all the flood of "ethnic" and otherwise 
exotic recorded material this stands out as un- 
usually genuine. One can gather that ,not only 
from the obvious intensity of the wild religicu-i 
ritual dance and music, but from the excellent 
notes by Maya Deren who made the recordings; 
she iioints out that this is no show for foreigners 
or for employers, or for the i)erformers' amuse- 
ment and relaxation — it is the serious business of 
working, according to prescribed ritual, in the 
presence of divinity itself, in order to <leserve 
blessing from the only powers that are conceived 



American Folk Music 

each) . 



as more potent than any man or group of men. A 
serious, life-and-death business this, and it sounds 
it. The recording is really extraordinary, its only 
major defect being a hum in the bass, possibly 
exaggerated by ecjualizatiou in the copying process. 
( t(id items such as a police whistle, adopted as 
part of the ritual, and a stepped-on chicken add 
to the bizarre ([uality. 

MORE ODDIANA 

Music and Bird Songs, james H. Fassett. 
commentator. (CBS intermission feature). 
Comstock Publ. Co. (Cornell Univ.) 

Ithaca, N. Y. 

.\ ten-inch LP (Cornell's first, after much urg- 
ing) of the tricks with recorded bird songs that 
Mr. Fassett produced last spring during an inter- 
mission of the Xew \'ork Philharmonic concert. 
The birdies are slowed to half, quarter, and eighth 
speed with some very strange and interesting re- 
sults. Seems they often sing two or three things 
at once, a chamber music ensemble within the 
avian voice box! (moil quality throughout. 



ols 1, 2, 3 (2 LP's 
Folkways Records. 

Hon't miss this enlightening and amusing re- 
print series. Each LP contains 14 ancient 10-inch 
record faces, copied (and very nicely) from discs 
issued back in the very earliest days of electrical 
recording. The variety is amazing, the musical 
content varies from negligible to significant, and 
the entertainment is immense. Hill billy, mountain 
ballads, negro songs, revival and other "sacred" 
affairs, dance music — it is hard to believe that 
these were standard commercial records many of 
which sold in large numbers, mostly, we can guess, 
to a local clientele. 

Don't ask me how Folkways gets all of these, 
permission -wise, but the origin of every one is 
given in black and white, catalogue number and 
label, for all to see in an interesting accompany- 
ing brochure. X'o hi-fi here, but, aside from miss- 
ing highs, some of the earlier recording is re- 
markably good. 

American Organ Music (Bingham, Edmund- 
son, Haines, Sowerby, Simonds). Catharine 
Crozier. Sowerby, Organ Symphony in C. 
Crozier. 

Kendall LP 2554, 2555 

An organist's organist plays organists' organ 
music. Xone of this pretty-pretty Uaroque stufT 
here— this is the sort that (every so often) swells 
out to blow the roof off ; it has that grand and 
heady blur to its sound that thrills some people 
and bores others to death. 

Frankly, I'm mostly in the latter category here. 



BEST VALUE IN TAPE 
RECORDING HISTORY! 




HiFi <^t«j!«W 400's 

Crestwood en;;ineering 
makes tape reconler history! 
Matches the finest profes- 
sional equipment in hi-fi 
performance— frequency re- 
sponse of 40 to 1 2.000 cycles 
at T/i" per second tape- 
speed . Yet costs only S 1 99.50 
to S299.50 (taxes not in- 
cluded). All CrestwoodS ex- 
ceed NARTB standards. 



NEW <^t«ii«W 303 

Nothing like it at the price 
— little like it at many times 
the price! Unusual high- 
fidelity performance — 50 to 
10,000 cycles frequency re- 
sponse at IVi" per second 
tape-speed— for only $199.50 
(taxes not included). Smart 
styling, too. 





BY DAYSTROM 



TAPE RECORDERS 

open a Brand Sew 
World oj Recorded Sound 



SEND IN COUPON TODAY 

Crestwood Division of Daystrom Eleitrii Corp., Dept. AE-6, Poughkeepsie, N. Y. 

Pleasc send me complete mformation about the new Crestwood models. 



My noma 
AMrmii 

City 
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where precision 
matters.,. 

THERMADOR 




Transformers for Tele vision 
. . . Radar. . . Aircraft . . . 
Geophysics . . . Radio 

You will find Thermador ready, willing 
and fully qualified to handle your trans- 
former requirements. Engineering 
experience and manufacturing know- 
how, developed over a period of 35 
years, form the hard core that makes 
Thermador today's largest West Coast 
manufacturer of electrical appliances and 
transformers. We would like to work 
with you on your next project involving 
the design and production of transform- 
ers for specific requirements. . .including 
joint Army-Navy specifications. 

transformers: 

Audio Aulo Geophysical 
Driver Filament High-Fidelily Audio 
Inpul-Oulpul Midget Plug-In 
Plate Power Television 
Tube to Line 

-. . also Chokes and Reactors 

THERMADOR ELECTRICAL 
MANUFACTURING CO. 

3-320 

51 10 District Boulevard • Lo» Angeles 22, Calif. I 



PHONOGRAPH PICKUP 
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pickup 111 tlii> driviiif,' diaractcri^tic is 
al>(i >ketclic(l in the liffure. The actual 
rc.^iiDiLsi- curves were iiiea>urcil with the 
])icl:up output tcrniiuais connected to 
au clTcctivoly iiiliiiite electrical iiuped- 
ance. 

The measured iiupcdances for a lunn- 
her of pickups indicate that most pickup- 
pickup arm comhinations have one sim- 
ple, series mechanical resonance and 
from one to several series-parallel reson- 
auces in the raufje hetween 30 and 10.000 
cps. The data of l-ii/. 3 illustrate this 
liiidinpr. The series resonance occurs 
near 1800 cps where the reactance curve 
|)asses tlinmjjh zero. Two series-pandlel 
resonances are ohserved with pickup- 
arm "A" — one near 55 and the other 
near 105 c|)s. A third resonance which 
occurs near 12.000 cps i.s heinf; ap- 
proached at 10.000 cps, the upper fre- 
(|iieticy limit of the measurements. When 
the impedance and respon.se characteris- 
tics are compared it hecomes apparent 
that a complete correspondence hetween 
the two does not exist. That is. irregu- 
larities in the res])onse characteristic arc 
not necessarily accompanied hy com- 
parahle variations in the mechanical im- 
jiedance at the stylus, and vice versa. 

Mechanical Circuit 

A (|ualitative e.\])lanation of the vari- 
ous ol)served features of the impedance 
characteristic of Fif/. 3 can be given in 
terms of the mechanical system of the 
pickup and ])icknp arm. The construc- 
tion typical of many crystal pickups is 
ilhistr.ited at the to|) of /•"/>/. 4, and the 
|)rincipal mechanical elements are la- 
beled. Lateral motion of the stylus as 
produced by the modidation of a record 
groove is converted into a combination 
of lateral bending of elements within 
the pickup and pickup arm ( not shown ) 
and rotational twisting about a hori- 
zontal a.\is through the cry.stal. Thus, 
the mechanical system is one having 
both torsional and lateral degrees of 
freedom and it may be represented bv 
the block diagram at the center of Fi;/. 
4. The input terminals represent the 
.-tylus tip of the pickup. .U..i is the mass 
of the stylus and C.si is the lateral com- 
pliance of the stylus arm. The blocks. 

and Z», represent, respectively, the 
mechanical impedances due to lateral 
bending and rotational twisting of the 
mechanical elements of the pickup and 
pickup arm. These impedances are re- 
ferred to the point of application of the 
drivin" force, namely, the stylus tip. 

Since the a.xis about which the crystal 
twists does not ]ia.-s through the stylus 
tip. the torque causing the twisting is 
the product of the lateral force at the 
stylus tip and the perpendicular distance 
between the stylus tip and the a.xis of 
twisting. The conversion from lateral to 
rotational motion can be represented hv 
an ideal mechanical transformer, and the 
efifective lateral impedance due to rota- 



tional impedance referred to the stylus 
can be found in a manner analogous to 
tinding the second.iry load impedance 
reflected into the primary circuit of an 
ideal electrical transformer. The im- 
])cdance. Zs, at the stylus is this reflected 
rotational mechanical impedance. 

When the individual mechanical ele- 
ments composing Xr and Zd are con- 
sidered, the more complete mechanical 
circuit shown at the bottom of Fiy. 4 
results. The mass, compliance, and me- 
chanical resistance elements are repre- 
sented by the symbols of their electrical 
analogs, namely, inductance, cajiacitance. 
and electrical resistance. Mechanical 
lorce is taken to be analogous to elec- 
trical voltage and velocity is analogims 
to electrical current. We shall suppose 
that a con.stant-velocity generator drives 
the system. This is e(|uivalent to assum- 
ing that the device which drives the 
stylus has an inlinite mechanical im- 
pedance. While this assumption is not 
always ju.stilied when a record groove 
drives the stylus, it is probably valid 
when impedance measurements are made 
with the stylus seated in a groove on a 
steel vilirator. 

The circuit of Fiy. 4 can, of course, 
be made as complicated as one pleases 
by allowing for higher-order modes of 
vibration (breakup) of the mechanical 
elements and by using distributed rather 
than lumped elements. However, the 
circuit as shown is capable of explaining 
the salient features of the imped.ince 
characteristic given in Fit/. 3. 

The series-parallel resonances e.x- 
hiliited in the neighborhood of 55 and 
105 cps by the pickup impedance char- 
acteristic in Fiy. 3 may be produced by 
combinations of elements in the con- 
liguralion shown in l-iy. 5. The imped- 
ance calculated for this circuit is plotted 
above the schematic. When au estimate 
is made of the relative magnitudes of 
the elements in the pickup circuit of Fiy. 
4 it is seen that at low frerpiencies the 
circuit can bo simplified to two series- 
liarallel comI)inations, each of the type 
shown in I'iy. 5. One of these is .l/n in 
series with Crr and Ri-.t. shunted by C. i. 
'J his combination gives the resonance at 
55 c])s. This resonance is often referred 
to as the lateral pickup-arm resonance. 
The other series-parallel combination is 
.Urw in series with Ct,, nnd Rto, shunted 
by t...i. This gives the torsional picku])- 
arm resonance at 105 cps. 

An explanation must be given for 
including the compliance, C/m, in series 
with the pickup-arm mass, Mtx. While 
we have been referring repeatedly to 
lateral motion of the pickup stylus, the 
motion is actually rotational, with the 
axis of rotation for low frequencies 
being vertical and passing through the 
pickup-arm vertical pivot. However, the 
distance from the stylus to the pickup- 
arm vertical pivot is so great in com- 
parison with the amplitude of the stylus 
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vilnatioii tliat the arc through which 
the styhis moves is practically a straight I 
lino, ami the vihratory iiKitioii may prop- 
erly he ile>criheil as lateral. Since the 
anil miist be ahle to rotate freely about 
itj vertical pivot as the pickup follows 
the spiralliiiij groove across the record, 
a (I.e. path must be provideil from the 
input terminals through .l/-r, .lAc and 
/i/r.r in /•'/(/. 4. This means that Crs must 
he an iiirmite compliance — that is. a 
direct coimecliou from the lower end of 
.l/r.t to the input terminal. 

When sufficiently large forces are 
applied to the stylus. Ci:y is, indeed, in- 
finite. But when relatively small forces 
are applied to the stylus, the [)ickup-ariii 
vertical i)ivot does not rotate. There i> 
sufficient static friction and binding in 
the pivot bearing to make it behave like 
a rigid member for forces too small to 
overcome the friction. Hence, for the 
forces due U} groove modulation or due 
to actuation of the stylus by a vibrator. 
Ci:\- is large but is not iiirmite. Con>e- 
ipiently. instead of a mechanical react- 
ance characteristic approaching zero i 
with decrea.-ing low fre(|Ueiicy as would 
occur with a perfect pivot bearing, a 
reactance value of minus iiilinity is ap- i 
proaclied. This is (lenumstrated in Fig. 3. 

Looking once more at the reactance 
characteristic in /•"/'(/. 3 we see that as 
the frei|uciicy increases above the lateral 
and torsional resonances near 55 and ^ 
llt.T C[)S. the reactance remains negative 
up to about lyOO cps. Near this fre- 
quency the reactance passes through 
zero and becomes positive. In the fre- 
(|iiency range near 180() cps the mechani- ' 
cal system has a reson.ince rlue to a mass ' 
and a compliance in series. The prin- 
cipal elements involved in this case are 
the stylus mass. .l/.~v. and the stylus-arm ' 
compliance, (.'-j. 

The resonance approached at 12,00() 
cps in /•■;>/. 3 is known to be due to 
break-up of tlie styhis arm. At these high 
frequencies the distributed mass of the i 
stylus arm must be taken into .account. | 
and the representation of the stylus arm 
by a single element, C-r. in Fig. 5 is no 
longer adequate. 

As Fig. 3 shows, the resistive com- 
ponent of the mechanical ini[)edance of 
tlie pickup is negligible e.Ncept near 
liarallel rcs(jiiaiices. At parallel reson- 
ances very large circulating currents 
(velocities) How in the parallel circuits, 
and the elifect of any small resistance 
is greatly iiiagnilied. 

In the type of crystal pickup sketched 
in Fig. 4 the voltage output is generated I 
by twisting the crystal. In terms of the 
.schematic, the output voltage is pro- 
portional to the strain in Cru. It is evi- 
dent that this circuit clement is not 
closely coupled to the input terminals 
at all frequencies. Consequently it is 
not surprising that a complete corre- 
spondence does not exist between the 
pickup response and the impedance char- 
acteristics. 

Recapitulation 

Thus far we have described and dem- 
onstrated a means for measuring the 




Music for the Masters' 



A symphony orchestra is built 
around the string section, which 
covers the extreme frequency 
range of 40 to 15,000 cp s. 





Model 1501 

Only the finest equipment is capable of recording 
and reproducing the multi-resonant properties 
of the strings with all their glowing harmonics. 
The Concertone 1501 is the only tape recorder 
under $1000 combining distortiorvfree full 
frequency response with all the tape handling 
facilities of professional equipment, /-jp-^j.^ 

Write for Bulletin 200 
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PRICES OF VARIOUS COMBINATIONS 



W-2 Amplifier Kit <lncl. Main Ampllflpr 
with P^rlfM Out|iuc TranHform- 
pr, Power Supply and WA-Pl 
Proampllf Icr kit) Shippinir 
VVeiKht 39 lbs. Shipped express 
..ly 



(fiOSO 



\ A 



ind' Power supply) ShlpptnR 
Welicht 29 lbs. Shipped express *tw • 

W-3 Amplifier Kit finrl. Main Ampllfler 
w tth Arrosound Output Trans- 
former Power Supply and WA- 
Pl Presmpllfier Kit) SMIpplntr 
WelRht 39 lbs. Shipped express 
only, 

WOM Amplifier Kit <Inc1. Main AmpDAer 



(ROSO 



HIATH COMPANY 

BtNTOH HAttSOIt 2S, HIKH. 



WA-Pl Preamplifier Kit only. ShlppinK 
WelRht 7 lbs. Shipped express , 
or parcel post. 
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7^ (^omt^cddean. Swftd 

SELECTS 

DIACOUSTIC DEPENDABLE 
DIAMONDS* 
for 

R.C.A. ' 6.E. and other Reproducers 
Standard or Microgroove 

Diacoustic ReooMng Resharpen Service for 

Sapphire^ Cutting Stylii 

Custom Made and Guaranteed Under Capps Patents 
Literature and Prices on Request 

Since 1928 

P. O. Box "P" Phone STate 4-0881 
Encino, California 

tSynlhelic "Genuine 



#1052 PERCUSSION & PEDAL 

by Reginald Foort (Michael Cheshire) 

• The famous BBC organist on thtt 
Mosque Wurlitzer 

• Intriguing, informative 
booklet on the organ! 

• Vor. IV fl}05Z aho 
available 



TWO NEW COOK WIDE-RANGE 
RECORDINGS 

ASK YOUR DEALER OR PARTS JOBBER 
OR ORDER DIRECT. 

33 1/3 RPM - 10" L.P. $4.00 PLUS S0< 
PER SHIPMENT. NO COD. 




Also Available in 
Binaural Editions 
«S.9S each. 



COOK LABS, INC. 

ROUTE 2 
Stamford* Conn. 



• Remarkoble and 
unusual recording of a 
Spanish Jam Session. 

• All the percussives — castan* 
ets, heel and toe, hand clapping 
and finger>snapping. 



Carlos Monfo/o plays in a F/amenco part/I 

#1027 FIESTA FLAMENCA 




effective latenil niech.inical impedance 
at the stylus of a phonograph pickup 
and over a relatively wide range of fre- 
quencies. The impedance measurements 
made In- this means are generally accu- 
rate within ± 15 per cent, The measured 
nnpedance and response characteristics 
of the crystal pickup chosen for purposes 
of illustration are seen to he qualitatively 
consistent with the mechanical circuit 
of the pickup. The mechanical circuit of 
this twister type of crystal pickup is 
more complicated than almost any other 
type in current use. Many modern pick- 
ups arc, in fact, little more than a can- 
tilever l)cam in simple tle.xure, and the 
analogous circuit in such cases is ex- 
tremely simple lor most of the audio 
range. 

In Part II of this presentation we 
shall show the measured lateral im- 
pedances for a numl)er of typical phono- 
graph pickups. 



Equipment Report 

(from page 42^ 
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Fig. 3. Measured response and performance 
curves for the Leak amplifier. 

iir distortion was observed when the two 
cathodes were connected together by a clip 
lead, whicli may appear strange to students 
of typical push-pull amplifier stages. 

The i)ower amplifier is well built, eiuploy- 
jiig paper capacitors for plate-supply filter- 
ing and assembled in a manner which pro- 
vides easy access to all capacitors and resis- 
tors for replacement. Wiring is cabled 
wherever possible, the entire construction is 
a model of neat constuction. The over-all 
(|uality of the amplifier is attested by its 
\ use in many professional applications in its 
native country. 
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RADIO INVENTIONS 

(jroiii f'W^" ^'^) 

(limiaiii lor liiiiulrcd^ of years and tlie 
cxtfiisiiMi of its use 1ms been through 
the discovery of new matheiiiatical prin- 
ciples to which it has so readily lent it- 
self. The development however, has been 
ill the science of iiiatlieiiiatics rather 
than the niecliaiiics of the rule. Certainly 
no one has or can claim a patent on 
well known iiiatheiiiatical tallies. 

"It may he that new tables will be 
developed concerni lis the theory of rela- 
tivity, a (|uantum theory of mechanics or 
perhaps concerning fissionable material 
or atomic energy, and if mathematics 
succeed is reducing these to different 
formulae they will probably be put on 
scales to be used with slide rules. 

"It has been held many times that for 
a patent to be valid a patentee must have 
invented or discovered a new and useful 
art, machine, manufacture, or composi- 
tion of matter or a new and useful im- 
provenient tliereof. not known or used 
by others prior thereto ; that there must 
be a novelty and utility and originality. 
The verv act of invention must be an 
application in a new and useful way 
of something not previously known." 

.V decision of the I'ederal Circuit 
Court of Appeals summarized these es- 
sentials for patenting an invention. 

•■The statute defines what inventions 
are patentable and novelty is only one 
of the ultimate facts required. If one 
constructs something new he has in- 
vented it but that does not mean that 
it is patentable. Frequently an inven- 
tion is the result of mere mechanical 
skill or it may be anticipated by a prior 
art although not precisely the same, or 
it mav not he useful. 

"Ill each of such events the device or 
jirodiict is not a patentable invention but 
it is an invention nevertheless. This is 
not nierelv a fanciful discrimination 
with respect to the meaning of words, 
for the statute aiitliorizing patents is 
clearlv based upon it. 

■ Generally speaking with reference to 
the subject 'matter permitted to be pat- 
ented there are four ultimate facts which 
must exist before an inevntion is pat- 
entabli' — authorship, ownership, novelty, 
not as a result of mere mechanical skill, 
and utility. If they exist concurrently 
the disclosure is patentable; if one is 
lacking it is not patentable." 




asic qour distributor 




about 

ipickerings new 

TURN- OVER 

CARTRIDGE 



• minimum mass 

• maximum compliance 

• minimum tracking pressure 




UNIFORM 

DEPENDABLE RESPONSE 

EXCEPTIONAL 
CALIBRATION STABILITY 

LABORATORY AND INDUSTRY- 
PROVED PERFORMANCE 



Rkfkrf.xcf.s 



General 



Hazcltine Research. Inc. 
Motors Corp.. 73 F.S. 138 

Hazcltine Corp. v. Abrams, 79 Fed. 2d 
329 

35 U.S.C.N. 31 

Charles Bcsclcr Co. v. J. Y. Taylor & 
Co.. 103 F.S. 201 

Electric Cable Cu. v. F-dison Co., 292 i 
U.S. 69 

Keuffcl & Esscr Co. v. Pickett & Eckel, 
85 F.S. 855 I 

Gallaiid-Hcnning Mfg. Co. v. Longemann I 
Bros. Co., 142 Fed. 2d 700 i 





/fauee^ 

An Associole of 

Inremofionof Telephone and Telegroph 



for precision sound measurements 
and high quality recording 

For more than sixteen years Kellogg Midget 
Condenser Microphones have been serving In- 
dustry and Research in sound measurements. 
Ruggedly constructed and humidity-proof, this 
microphone fully satisfies the exacting require- 
ments of Laboratories for reliability and accuracy. 
Users include government laboratories, universi- 
ties, audio development laboratories, sound stu- 
dios, and industrial plants manufacturing sound 
■ equipment. 

Corpprpiipn Write lo Depl. 17-f today tor lull inlormalion 



KELLOBB SWnCHBOlRD IND SUPPLT COMPIIIT • s.i.. oihc..: 7» w. M.nn>. s... Chics. 3. 
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amplifiers 

AND COMMUNICATION EQUIPMENT 





Line, bridging and power amplifiers for 
precision-laboratory-audio frequency work. 
Also magnetic recording oscillators, pre- 
amplifier-equalizers . . , gain sets 
volume indicators . . , vu meters 
jacks and strips , , , standard panels 
. , , terminal blocks . . . mounting 
frames , . , plug-in chassis , , relay 
racks . . . and power supplies. 



Wrife 
for Compfefe 

Cafafoo 

N. Y. Slock: 

Audio & Video Product! Corp. 730 Fifth Avenuo, PLozo 7.309) 



^1 

Exparr Agvntt: Frazar & Honsen.Ltd.* 301 Ctoy Si. • Son Froncitca, Corif., U.S.A. 



CIMEMA ENeiHEEKIN6 COMMHr 



Authoritative and 
Enlightening . . . 
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Acknowledged the Leading Publication 
in the Field of Sound Reproduction 



If you are novice, hobbyist, experimenter, or engineer ... if you 
are a lover of music . . and in pursuit of sound, undistorted 
Audio Engineering will be your faithful, reliable com- 
panion all the way. 

"What to Do" and "How to Do" will guide your every move 
through this thrilling experience we call Audio. 
Each new issue brings New Ideas. New Slants.and Latest Devel- 
opments . . month in and month out . . . twelve times a year. 

BE SURE to get your copies REGULARLY 



MAIL this 
Coupon iSOff' 



I 



AUDIO ENGINEERING 

P. 0. Box 629. Mineola. N. Y. 

Eitcloivd it □ Chvch □ Monty Ordtr fw $ 

Plcai* »«nd a copy of oach now i«two of Awdl* Enginoofina for iho noit 
□ 17 monlht; □ 34 monthi l«: 



Subtcrtpllon Prico: U.S.A., Canada end Pan Amofican Union: I yoar. . 
}3.00 2 yoort. .}S.OO. Othof cowntriot: 1 yoar..M OO 2 yoar* .. $7.00. 
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traiisfiirnuT hum pickuii less tliau pickup in 
tlic cnuiK-ctijig leads. 

y. Particularly if m«liaiiiral cciii>i<lfra- 
tious dictate the use of a steel chassi.s, 
Hloum tile piiwer trausfiinuer with the 
plane of laiiiiuations perpendicular tii tlie 
chassis rather than parallel thei-etii. lii 
general, the higher the a.c. flux density 
;it which the power transfoi-iiier operate^, 
tlie sti-onger will be the lu.i.unetic lield 
surrounding it. and the more complex flic 
waveform of voltage induced in susCe|)ta- 
l)le poi'tions of the circuit. Some reducticju 
of external Held may ho h;id hy suitahly 
wrapping the power transformer core anil 
coil with a low -resistance, shorting hand. 
Often over-all power transfonner per- 
fonnaiice. iiichiding reduction of suninind- 
ing magnetic field, may he improved hy 
stacking the laminations in alternate groups 
of two. instead of 100 per cent interieaved. 
ICndosing the entire power transformer in 
a magnetic shield of higli-penneahility 
nickel alloy is sometimes done, but is costly 
due to the large amount of material re- 
(luirod. .-\lso, the field close to the power 
tiausformer core is usually strong enough 
to saturate a close fitting shield and render 
it relatively inelTective. Then two shields 
with non-magnetic separator may he use<l, 
the inner shield to reduce the (ield to in- 
tensity small enough that the outer shield 
can he effective. 

lO.Mount power supply and amplifier 
circuits on separ.ate chassis, .An annoyance 
sometimes encountered in amplitlci-s. espe- 
cially those using choke-input power-sU|)- 
ply filters, is in the form of .^llo^t-dnratioll 
spikes at power line freiiuency. .-X coninion 
cause of this interference is coupling of 
the very large rectilied sinusoid at the 
rectifier filament, via stray capacitance, 
into low-level portions of the aiiiplilier 
circuit. .Sudden irregularity in the recti- 
fied waveform at the instant current sliifts 
from one rectifier plate to the other, is 
differentiated hy stray cajiacitance connec- 
tion to form eoiii|ilex interference with a 
narrow siiike predoininating. Interference 
due to this cau.se sounds in the loudsiieaker 
like the huzz associated with iiearliy 
fluorescent lamps. It tends to he worse with 
high leakage inductance in the plate trans- 
former, and with filter-choke inductance 
less than the so-called critical value for 
prevailing load conditions. Simply operat- 
ing amplifier heaters from a seitarate trans- 
former may not he very helpful in this re- 
gard, due to coupling with the rectifier 
transffiniier \-ia the coniiiioii primary con- 
nection. 

-Means individually or collectively ctTec- 
tive in refluciiig this interference to iiegligi- 
hility are; a small capacitance (such as 
O.'LS pf) from rectifier lilanieiit to ground; 
grounded electrostatic shield hetweeii recti- 
fier filament and amplifier heater windings, 
or preferahly a grounded sliield separating 
high-voltage and rectifier filament windings 
from all other windings : shielding rectifier 
niaiiieiit leads and the input lead to the 
filter choke, 

I'erhajis the hest arrangement with single 
jiower transformer is an electrostatic shield 
separating the amplifier heater winding 
from all other windings, and a second shield 
separating the primary winding from all 
other windings. The latter shield reduces 
interference either to, or due to other 
eiiuipmeiit. 

In a related way, capacitor-input filters 
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are sometimes troublesome, tlioiigli to 
lesser extent. In this type ot filter, ripple 
at the inpm is customarily only a few 
per cent of tlie (I.e. voltage. Birt the recti- 
fiers are hiascd hy the potential to whicli 
the ininit filter capacitor is charged, witli 
the result that any one rectifier conducts 
only (luring the portion of the input cycle 
tliat tliis bias potential is exceeded t)y the 
altcniatiug viiliage on the rectifier anode. 
Thus .successive current pulses in tiic trans- 
former high-voltage winding are the tops 
ot sine waves. Differentiation of this cur- 
rent uaveionn by the transformer leakage 
inductance produces steep wavefronls of 
voltage riding on the sine wave at the recti- 
fier plate. Difi'eicutiated a second time by 
stray caiiacitance coupling, the iiitei ference 
becomes short-duration spikes in tiie sig- 
nal circuits and may result in audible buzz 
ill tlie loudsucakcr. 

NEW TYPE TAPE REEL 

Designed to minimize errors in program 
timing, a new 7-iii. plastic reel recently 
announced by Minnesota Mining and 
Manuiactiiriiig Company also permits more 
rapid threading of tape. Two tlireading 
slots arc provided on each side of tlie reel, | 
one being a new "V" slot that reduces i 
threading time hy nearly one tliird. The i 
reel contains 45 per cent more plastic and | 
features wider and heavier spokes. The huh 
diameter is 2]'4 in., providing a better ratio 
between maximuni and miniiiiuni diameters 
than the older reel types, yet capable of 
holding a 1200-foot-plus length of stand- 
ard-thickness tape, wliicli was not possible 



PERFORMANCE 




with the 2.75-iii. hub without danger o. 
spilling tape. The latter hub was designed ' 
for tape of slightly thinner base, which has ' 
occasionally been reported as causing inac- 
curate progr.'im timing with certain re- 
corders. 

More even winding of the tape on the 
reel i.s provided by reduced inside width of 
the reel and use of tapered flanges, \yhich 
also serve to lower the ixissibility of nicked 
edges, \nother improvement is smooth- 
surfaced spokes which provide greater label- 
ing surface. 

NEELY DROPS AUDIO: 
KOESSLER TAKES OVER 

Retirement of Xeely Enterprises, Los 
Angeles factory representatives, from the 
sound e(iuipnient industry after 20 years of 
special izatiot). was announced last mouth 
by Xorinaii B. Neely, president. In the 
future, the Xeely organization will de\ote 
its faciliiie.s to tile sale of electronic instru- 
mentation and industrial control equipment. 

Frank B. Koessler, who has been in com- 
plete charge of Neely's sound etiuipmeiit 
division for a number of years, concur- 
rently announced the formation of Koesslcr i 
Sales Company which, as of July I, will 
become representative of all sound equip- 
ment companies formerly serviced by the 
Xeely organization. 
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UNIVERSITY COBREFLEX-2 
WIDE-ANGLE TRUMPET 

Lifetime Performance has been built-into each 
Cobrenex-2. Nothing yet produced compares in 
construction and design efficiency. Once installed, 
the Cobrenex-2 con be forgotten. The Cobrenex-2 
is Breakdown-Proof . , . truly performance guoror- 
anieed to lost a lifetime. 
Comparedf Tested.' Proven Superior! 



When u»d with Univariily Dri*tr UniU 
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I Powfff Capacity 
M«eti Anylj ImpadonC* Reqwirement 
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' Applicotlon 
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^ High Fidelity Record Reproduction 



IDS 

3-SPEED RECORD CHANGERS 



7, 10, AND 
INCH RECCRDS 




MODEL 3 522' 

Intermixes 10 and 12-incN records 

LIST PRICE JG5.00 

(less base) 

MODEL 3/521" 
Non-lntermtx Model 

LIST PRICE $54.50 

(less base) 



On Sale of Leading Dealers. Wrfle for Complete Literature. 

ROCKBAR CORPORATION • 211 East a7th Street. New York 16, N.Y. 
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PROGRAM LEVEL 
INDICATOR PANEL 



UrpCATII p — 21 -position ailcnuator provides level measuremeni 
IklldnilLb from +4 lo +42 and an off position. 

INPUT SELECTOR SWITCH -f^l-^r;.!^"^™^^^^^^ 
ILLUMINATED METER-^-^rsil'/ioToS^^^^r ^li 

scale— VU from —20 to +3, 



COMPACT"" iy"''"5'5/'^2*^J' required. The panel measures 

LOW CliSl- only $70.00 

r 



*Pnces subject lo 
change without notice 




"For informatiott write.- General F.lectrtc Company^ 
Section -i-iC}, Electronics Park, Syracuse, Sew York 

GENERAL A ELECTRIC 



The 2nd Audio Anthology 



No bigger, no better than the original Audio 
Anthology— in fact, it's just the same size and 
a perfect companion to the most authoritative 
book you now have on the subject of home 
music systems. But it contains all new mate- 
rial — reprints of over forty of the valuable ar- 
ticles which have most interested ^'s readers 
during the past two and a half years. 

Customary discounts to distributors. 

Board Cover .... $3.00 Paper Cover 



Features — 

• Amplifiers 

• Preamplifiers 

• Tone Controls 

• Phonograph Equipment 

• Loudspeakers 

• Speaker Enclosures 

• Tape Recorder Amplifiers 



. $2.00 



CUT OUT — MAIL TODAY 

Book DIvbion, 

Radio Magazlnas, Inc., 

P. O. Box 629, MIneela, N. Y. 

Sirs: Enclosed is my □ check □ money order for copies of the 

2nd Audio Anthology. 
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□ Paper Cover 
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(/roHt fage 23) 

odd-order coiiiponeiit.-;. ( KeiiK'ni1)cr that 
the fiindaniental is an odd-order com- 
ponent, too.) 

fit/iiir 24 is a graphical representa- 
tion of the freijuency components which 
comprise our complex \va\-c. The funda- 
mental is lahelled / and its third har- 
monic Sf. The \v;ivcforin which results 
from the vectorial addition of the two 
is the dotted line labelled "resultant." 




Fi;. 25. Simultaneous presentation of the wave- 
forms on the two plates of a push-pull stage. 
lA) is that on the upper plate, and (B) is 
that on the lower plate. 

If an electronic switch is now used 
to permit simultaneous inspection of the 
output wave-forms of both halves of 
the push-pull stafje on a scope, we will 
sec the two complex waveforms of Fig. 
25. Graphically analyzing them into 
their component frequencies, we get the 
picture of Pig. 26. (In this diagram, 
too, each fundamental is labelled / and 
its third harmonic 3f.) The dotted lines 
represent the respective resultants. 



L \ 


RESULTANT 


it \.y 










RESULTANT 



Fig. 26. Waveforms of Fig. 25 analyzed into 
their components. Fundamentals are 180 deg. 
out of phase, as would be expected, and so 
are their third harmonics. Therefore, both 
would appear in the output of the stage. 
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It is plain that tlie lunclainental com- 
onents of the two complex waves repre- 
senting the original input voltages are 
180 (leg. out of phase with each other. 
Ihit so arc their third harmonics. 

This means that both the funda- 
mentals and the third harmonics will 
produce output voltages which will he 
lieard in the earphones. The same will 
apply to any odd-order components of 
the fundamental frei|ucncy. 

As we already know, any second and 
other even-order harmonic components 
generated in the stage itself tend to be 
cancelled out. On the other hand, odd- 
order-coniponents produced within the 
stage are amplified and delivered to the 
I)liones as part of the output voltage. 

A subsequent article will extend the 
above presentation to the (."lass H case 



and also to the case of the inductive 
load. 
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TAPE RECORDING PERFORMANCE 



this point results in the mechanism run- 
ning slow. The friction supplied by the 
take-up reel clutch sliould allow the 
tape to move at normal speed and pre- 
vent tape throwing when the machine is 
stopped after the rewinding operation. 
These adjustments can be made by using 
a small spring balance. With an empty 
standard reel on the take-up spindle, a 
length of string should be wound around 
the reel hub, the other end of the string 
being attached to the balance. With the 
spring balance held in a vertical posi- 
tion, as shown in the Fig. 3, start the 
recorder and read the pull of the mecha- 
nism in ounces. It is recommended that 
this tension be from 5 to 6 ounces, and 
this may be obtained by adjustment of 
the clutch at the rear of the spindle. 
Fig. 4, to obtain more or less friction, 
as required. The supply reel clutch 
should be similiarly adjusted, except 
that the motor is not used, but the 
tension is found by placing the empty 
reel and string on the supply spindle 
and pulling the spring balance upward, 
observing the reading in ounces at the 
instant the reel begins to turn. 

These tension values are in inch- 
ounces, which can be ascertained by 
multiplying the value indicated by the 
spring balance by the distance in inches 
from the center of the reel spindle to 
the tangency of the string where it 
leaves the reel hub. In the case of the 
standard 7-in. reel, this distance is very 
close to one inch, so that the absolute 
indication on the spring balance can be 
taken as being correct. When using the 
new larger luib reels, the tension in 
inch-ounces can be obtained by multi- 
plying the pull in ounces as indicated 
on the spring balance by a factor of 
1.375, since the radius of the new hub 
is approximately IJ^ in. 

The spring attached to the rubber 
pressure roller that holds the tape in 
contact with the capstan must also sup- 
ply the correct tension. Too little pull 
from this spring results in slippage and 
may even cause complete stoppage of 
tape movement. Extreme care must be 
exercised in oiling the mechanism. The 



(from page 27) 

smallest amount of oil on the rubber 
idler wheels produces serious slippage, 
with resulting wows and timing dis- 
crepancies. Both the pressure roller and 
idler wheels sliould be kept clean by 
wiping with a cloth just dampened with 
carbon tetrachloride. 

.Sticky tapes have contributed to 
sjieeds variations and, in extremely 
humid climates, have actually stopped 
the mechanism. Most presently availa- 
ble tapes are being produced with ade- 
quate lubricant in the coating which is 
resistant to high humidity and tem- 
perature. The newer tapes eliminate the 
squeal often heard as the tape moves 
over the heads. 

The new 7-in. professional reel is 
another step toward eliminating speed 
variations and timing discrepancies. 
This new reel has a hub diameter of 
2)4 in. which approaches the NARTB 
standardized Zy^-toA ratio specified for 
the lOJ^-in. professional reel. In the 
normal operation of a tape recorder 
there is less tape tension with a full 
tape on the supply reel than when the 
reel is almost empty, and tape speed is 
faster at the beginning, becoming slower | 
as the end of the tape is reached. The 
larger hub reduces the differences in 
tape tension and speed between the be- 
ginning and end of the reel, resulting ' 
in greater timing accuracy and reduc- 
tion in pitch changes, noticeable par- 
ticularly on classical musical selections 
when, due to the length of the composi- 
tion, more than one recorder is em- 
ployed. 

Using the techniques outlined, the re- 
corders have been adjusted to a timing 
accuracy within 5 seconds or less in 
30 minutes. To hold this close timing 
in mechanisms without synchronization, 
constant surveillance of the mechanism 
performance is required. It has been 
observed that greater accuracy results 
when speed checks are made over longer 
periods than just a minute or so. It is 
interesting to compare the results ob- 
tained when several methods are em- 
ployed in any particular test. 
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Model IOC Basic Amplifier 

Model I0C4 Remote 
Control Amplifier 
( combines Model . ^ 
IOC above with / 
Model 4B PreAm- (Jl^ 
plirier) 99150 




Sounds incredibly lifelike, thanks to new 
onc-octave extension of low>frequency 
range, and 9-position playback character' 
istic control matching the characteristics 
of all type records. Frequency range 20- 
20,000 cps. Pre.Amp unit in de luxe 
gold>finished consolette. 



BROOK AII-TriodelOWatt Amplifier 



Model 12A Basic Amplifier 

Model 12A4 Re- 
mote Control Am* 

ptifier tombinet ^^HHI 
Model 12A above 
with Model 41 I ^ 
Pre^Amplifier) 



222. 



^1 




A medium-priced amplifier which, ex- 
cept for lower power rating, equals the 
famous Model \QC4. Transient peak cir* 
cuit permits distortion>free power peaks 
considerably higher than 10 watts. Fre* 
quency response from 20*20,000 cps. Pre- 
Amp unit in smart, gold>tone consolette. ^ 

[NEW! BROOK Model 7 Pre-Amplifier 
I 
Hi 
fit 
M 
Pf 
H 



Has all features of Model 4B Pre-Amplr- 
fier, PLUS BUILT-IN POWER SUPPLY. 
May be used in combination with your 
present wtde>range basic amplifier.* 
Smart, gold-finished consolette. | |T 

Hear these BROOK instruments in 
terminal's complete audio dept. 

A FREE! 

Terminal's 130-page AUDIO CATALOG 

WW Your Complete High Fidelity Guide 
Investigate 
TERMINAL'S LIBERAL TRADE-IN PLAN 
for your used, standard brand equipmenf 
^*-|.'**^ Open Thurjdoy Eve'j till t PM 
Hc^Il'^V Ample Free Forking after 6 



Tern mot 

mHaeth Ctup. 

8S Cortlanilt Sr., New York 7, N. Y. 
WOrih 4-3311 
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NEW PRODUCTS 



• studio Turntable for Fine-Oroove Rec- 
ords. I nsi jin keys will wclcnu- this m-w 
unit icifiitly arniouiu'cd l»y IH'A, because 
it has been desipiifd espei ially fni- their 
coiiveiiiVrrre. J (esi^rriated the Type BQ-IA 
fine-groove turntable fur 45 and 33 



• Tape Carrying- Case. Tape leei.rdinp en- 
thusiasts will welionie the n»-w vinyl 
plastir earryiiiK <Ji«e whii h has been d"e- 
\ e loped by 1 treves Snundi ral t < 'ut pcn a- 
lion, 10 K. '}-2ud St., Xew Vurk 22, X. V., 




r.p.rn. lec'.ids, it has seveial n.-vel fea- 
tures, ini'lndinp u spindle hub wliirh 
changes diameter simultaneously wiili np- 
eralion nf tlie spet><] runtnd kiiob, and a 
quick-starting nierhanisin whieh at ta ins 
full speed in % revolution, ((peration of 
the o,\-opK mercury switch also disen- 
gages the dri\ing idlers when not in use. 
Lightweight 12-in. t()ne arm accommodates 
plug-iri heads and will play records with 
warp up to 's in. A 4-position HIter is in- 
cluded for record compensation. IU\\ Vic- 
tor l)i\isioii. Radio Corporation of Amer- 
ica, Camden, x, j. 



• Binaural-Monaural Speaker System. 

Equally well-suited for use with single- 
or two-channel audio systems, the new 
Iloznk li-2f)i speaker includes two woofers 
and two dual tweeters, all of which are 
mounted in n heavily -const ructed enclo- 
sure of unique design. Although the 
woiifcrs are mounted in the usual fashion, 
the tweeters depart from the conventional 




In the fact that the two sets are mounted 
back-to-back, each set radiating through a 
port in the side of the cabinet on which 
it is mounted. Hinged deflectors at each 
side, whicii fold flat when not in use, are 
used to provide imi)roved high freciueiu v 
dispersion when the systeni is used mon*- 
aurally, and to enhance <limensional ef- 
fect when binaural sound is being repr(»- 
duced. The two H<mnd sources are sep- 
arated by more than three feet. Manufac- 
turer's published specilications state that 
the frequency range of the H-2n4 is 3r» 
to 20,000 CPS, power rating is 25 watts 
per channel, and impedances are 8 ohms 
when used with binaural equipment and 
4 ohms when all drivers are paralleled for 
connection to a single-channel system. A 
phase-reversing switch is provided, and 
the cro.^.'iover network is included in the 
cabinet. Further information may be ob- 
tained by writing H. T. Bozak Companv, 
114 iManhattan St., Stamford, Conn. 




for transporting 5- and 7-in. lolls of niag- 
neiic n-.ording iai>e. lii-velopcd priiiiarilv 
for u.^e with the Snundcraft Tapi-i'hesi, 
the case is equally desirable for carrying 
spools of tape in sepai-ate containers. 

• Tiny Hig-h-FideUty Transformers. Al- 
though sealed and potted in aluminum 
cases, rmly in. square, Stancor's new 
Tinyti-ans have exceptional fiequency 




range of :io-i.T.iiao rps within ± 1 db. 
Total height, iiuludiiig terminals, is 1 V4 
in. and maximum b-\el is zero db. Weight 
is only 1.:! ounces. The ease is equipped 
with t Wo 2-riii t hieadi-d i use its foi- easy 
chassis mount ing. l.aminat ions are of 
nickel st.-d. Staudaid Transformer Cor- 
poratioir. :!.')Sa lOlstori .\vc., ('hicago is, m. 

• Turnover-Type Ceramic Pickup. Unique 
construction of the new Titone cartridge 
is emphasized in the fact that the .stylus 
alone is rotated to accommodate vai'ious 
types of recordings. I'sing a high-com- 
pliance liighly-seiisit i ve ceramic element. 




to in megohms. .Moirrits in place of any 
standard cartridge using i^i-in. inountin'g 
centers. .Manirfact ured by So trot one (.*or- 
poration^ Klmsfoi'd, X. Y. 

• Speaker Enclosures. While designed pri- 
niarily for housing Tanrioy full-range 
dual-concentric loudsi>eakcrs, two new 
wall- and eor-ncr-typc Tanrioy bass-rdlex 
enclosirres will pro\ide opiirrium acoustic 
loading and balance for many other makes 




of 12- arrd lo-in. speakers as well. Con- 
structional features of the errclosuies iir- 
clude the use of "1 -in. lirmber- wit h all 
joirrts close battened, s<-r<'wed ami glued, 
arrd complete irrterrial lirriirg of sound ab- 
sorbcrrt material. The cnr rici- ern losure is 
known as the I'arliamenI, while the wall 
model is narrred the Westrrririster. .Martu- 
f act ured by Heam Inst rirmcnts ( 'orpora- 
tiort, 350 Fifth Ave., Xew York 1, X. V. 

• Portable Tape Recorder. l;;xceptloira 1 
audio quality is altairred abmg with small 
size arrd portability in the Magnenoatic, 
a new 110-volt a.c tape recor-<ler recently 
l>laced in full-scale pi-oduction by Anrpli- 
tier- (""orp. of America. 3!i8 ISrnailwav, New 
York 13, X. V. Although weight 'of the 
Magnematic is only i;i lbs., it contaiirs 




the uirit has an output approachiirg one 
Volt and does not re<)uire pi-e-amplifica- 
tion equalization. 1 1 is unaffected l>>' 
moisture or- teni))ei-ature. Tracking force 
is 9 gi'arrrs and I'ecommended load is 1 



many features normally asso»-iated with 
standar'd pr-nfessional tape recoi'ders. Fre- 
c)uency resporrse is r>0-i ri,iMri» cps at 7 ^» 
in. /sec. tape speed. Conrpletely <»perated 
by push-buttort control, the urrit features 
a solenoid-operated clutch-controlled cap- 
stan di'ive to start and slop tape travel 
in 1/2<I sec. 1 rrcor'por'a tes relay-operated 
modified (iene\a rttoveniertt to control 
60-irt./sec. r'ewirtd arrd fast for'wai'd. Has 
5-iri. rvel capacity. Ile;uipliorre mortitoring. 
A built-in preamplifier pr-ovides f(n- low- 
level low- impedance microphnrre input. 
J timensions are S x 1 1 x 9 irr. Meeting 
pi'imary XAKTB standards, the Magne- 
matic is designed specillcally to produce 
tapes in the Held which equal in quality 
those usually recorded orr studio equi)*- 
ment. 
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Latest Hi-Fi Releases 




• Three-Speed Manual Record Player. Kx- 

ct'llftit speed SI it I )i lily virtual free- 

dom frtiMi iiHliued liuni when used with 
magnet ic o:trlri<lM:es are a Miniiy: tlie fea- 
tures f.f 1 he new < Jarrar*! siiisle-plny 
turiilahle. Desipiiateil Mnd.-I T. tlie new 
unit einh(Kli«'s a iiuuiImm' of perforniaure 
stantlards wlii»ii liave heret olore heen 
confined to the field of expensive profes- 




sional eMuiimHMit. A small knurh-d kmdi 
located conveniently at the r.Mr of the 
tone ar-m permits aeeur;ite adjustment of 
stylus i»ressure. The tone a rm shell tits 
nil popular makes >.( piekups and is 
equipped with a professional-t ype finger 
lift, also a clip loek *o hold the arm in 
pla<-e when not in use. AiK'ther principal 
feature is automatic- start and stop which 
oi»erai es wit h rc'cords of all sizes nnd 
speeds. 1 'unl-voltaffe (Hhi/uii and 2fn/2r.n 
volts, til' cyelep) nmtor is of the 4-p<de 
type and the unit emi>loys a hea\'ily 
Weighted tnrntahle. tlarrard Sales »'or- 
l>oral ion, KM I tuane SI ., New York 1 :!, 
N. V. 

• Super Tweeter. Tlie in-w l-^leet io-\'oi<-e 
T-35 (iriver-liorn assenihly is a roiiiidete 
high-f reqiieney reprodueer which can he 
added economically to any exist inp speaker 
systetn. lOasily installed in -.x few minutes, 
the T-:{S has a fretiuency raiiRe exl<'nding 




from oTiim cps to tlie limit of audihility 
when used with 1 lu' H-V Type X-:u;-l 
crosso\ er net work. 1 lorizontal liispersion 
is ISO dep. A companion ancssory is the 
AT-:{7 levc'l control for adjusting output 
level to in<lividiial lastes. The T-.l."* tnay 
be usecl with a n>- system to in-wat t 

rating. ltnpedan<-e is Hi ohtns. Ilrn-n di- 
int-Msions are 4'-^ in. li>iig hy 1 in. high. 
Over-all depth is in. antl weight is 2 

lbs. I'oniidete inforuiation is available 
from Klecti-o-\'oice, Inc., Ihn-hauan, .Mich. 

• Heavy-Duty Rotary Switches. A unique 
rlclent mechanism which iM'o\i<les tnm- 
shorting action is featured in two new 
single-dei-k single-pide rotary switches re- 
cently atitiouiiced by Shalh-ross .Manufac- 
turing t'ompany, (Jolliugdale, Pa. Available 




iti fit"'- and 3fi-position models, the switches 
are designed for complicated range or cir- 
cuit switcliitig of heavy-duty test e<|uip- 
metit. Iti a<-ti(m the rotor arm is actually 



lifted as it nmves from one cont.iet to 
atiother, thus providing non-sh«»rting op- 
eration in the smallest possible ^pace. 
J«irge silver contacts i»rovide average con- 
tact resistance of less t ban t).t)ti»; ohm. 
t'urrent-carrying capacity of the flO- and H 
36-position types is 30 and 40 atni»s, re- 
spect i vel v, wliile respective breax<lown 
voltages are li>00 and 2500. Further di 
tails will be supplied upon letterhead ri 
quest to the manufacturer. 



NEW LITERATURE 

• standard Transformer Corp., 3r>S0 El- 
St on Ave., Phieago IS, 1 11., is now pub- 
lishing a ti'ansf<n'nn-r replacenu-nt guide 
for tai>e and wire recorders — listing 6S 
models f'M- '^2 companies which manufac- 
ture iniits for home use. Manufacturer and 
modi-1 number, ma nil fa<-turei-'s part num- 
ber, and corr-esi>i>nding Stancor number 
ai'e listed for all models included in the 
guide, t he first of its kind available to 
(lis I ribiit ors and service engineers. 

• Sorensen & Co., Inc., 37r» 1<'airfield Ave., 
Stamford, i 'onn., includes full information 
on the company's extensive line of elec- 
tnmic a. <■. line regulators iti Catalog .S'... 
:'.."»:;, a handsomely-prepared booklet which 
leaves little to be desired in both attrac- 
tiveness and effectiveness. Also contained 
in I he catalog is an abundance of infor- 
mation on the Selection and use of regu- 
lators in general. .May be obtained I>y writ- 
ing <!eneral Sales 1 >epa rt mi'iit . 

• Minnesota Mining* and Manufacturing* 
Co., JMio Kiiuquier St., St. I'aul tl, .Minn., 
discusses t be propert ies for four basic 
types of magiM't ic c<>:i t ings in "Sound 
Talk" techni.al bnllelin No. 22. Also de- 
sc-ribed arc 1 4 different magnetic tape 
(■oust ruct ions. Pmir graphs are included, 
which show t>'ptcal hysteresis lof»ps and 
magnetizati<qi curves for the oxides dis- , 
eussed. Available upori request. 

• Audak Company, TiOO I'if t h .Ave., New 
Vork 3t'>, X. Y. is distributing a new etii- 
tioii of "I'^lectronic I'hono Facts"' by Maxi- 
milian Weil. Made up of 20 pages, the lleW 
edition \ii twicf the size of the former 
issui". of which approxiinately lOO.iitiO 
copies have been distributed, fontnined 
are answei-s to tnore than 100 commonly 
asked (iiiestions f<n hi-fi mnsie systems. 
Available free from Aiidak dealers, ttr by 
writing direct to the .address shown above. 

• D. W. Onan & Sens, Inc., Minneapolis 14. 
.Minn., is issuing a 2-co]or fohb-r which 
shows exainple> of portable and mobile 
electric i>laiits in'ovidiiig standby power 
for communieation systems. .\lso <le- | 
s<-ribed ami illustraled are units which 
pro\-ide nrimary power for mobile T\' 
studios. Ilequests for ciqty sbonbl specify 
l-'oini A-"''7. 

• Insulation Manufacturers Corporation, j 

:>i;.-. W. Washington Fdvd.. i^hicago l',, III., 
im iiides a great deal of helpful informa- 
tion on the fe;itures :iiid nses of fibre and 
plastir- for electrical insulation in two 
new catalogs which are av.ailable free of 
charge. An ^-page b"okb-t is devitted to 
Incor reinforced plastics, while Fhenolite 
laminated plasties. National vub-anized 
fibre, and I'eerless fislipaper are covered 
in n n2-pagc coinpanioti piibli<-al ion. 

• Methode Manufacturing Corporation, | 

2021 W. (-hnrchill St.. Chicago 47. III., 
is piiblislrng a new b.-tmlbook oti printed 
l ircuits t it led 'M "t ilizat ion of Fret abri- 
i-ated AX'iring," which provides detailed 
engineering dat.a to those interested in ap- 
plying printed <-ir<-iiit tc<-hniqiies to elec- 
tronic e*|uipment. The ;!2-page booklet 
iieals witli present ai>pli<-ati(Mis of piinted 
circuitry. layout of schematics, compo- 
nent select ion. I "nrter writers' require- 
ments, service technique-^ etc. Available , 
to those ref|uesting on business letter- j 
heads. I 

• Comell-DuhlUer Electric Corp., South 
Flainfield, .V. J. has just completed Hulle- 
tin Xlj-14S, a 12-page catalog of descrip- 
tions, illustrations, and technical data 
covering the company's wide line of 
Quietone interference filters. Included in 
the catalog are Quiet ones for virtually 
every type of electrical ami electronic 
equipment. In addition to electrical char- 
acteristics, there are shown (mtline draw- 
ings, circuit diagrams, and photographs. 
A\"ailahle without cost from nearest C-l"> 
distributor. 




NEW 

Rauland 1826 Amplifier & Remote Control 

New, uniquely ityled 20-watt remote-control 
high-fidelity amplifier. Self-powered remote- 
control unit ii covered in rich, brown leatherette 
with gold trim — looki juit like o beautifully 
bound book. Controls are acceiiible under 
hinged backbone. Remarkable authentic muiic 
reproduction, venotility and neat initollotion. 
Remote unit controli: Boii, Treble, Volume, 6- 
poiition Croiiover, 6-poiition High-Frequency 
Cut-off. Alio Input Selector iwitch and AC 
iwitch with leparate remote-control cables. 
For 8 and 16 ohm ipeatteri. 
93-805. Net S232.26 

NEW Mcintosh A-IU 
Basic Amplifier 

New 30-wott baiic 
amplifier lupeneding 
the renowned 20W2 
— but ot a new low 
price! A brilliont per- 
former. Uiei the famoui Mclntoih- pa tented output 
traniformer. Exceedingly wide reiponie — + 1 
db, 10-100,000 cpi ot 15 watti; + 0.1 db, 
20-30,000 cpi at 30 watti. Only '/j volt for 
full output. Output Impedance: 4, 8, 16 and 
600 ohmi. 

93-895. Net $139.50 





NEW Browning RJ-42 FM-AM Tuner 

For the fineit hi-fi lyitemi. Only two panel con- 
trols (Tuning and FM-AM) to permit complete 
control of volume and tone with amplifier or 
remote preamp. Superb response and sensi- 
tivity — Armstrong detection and all-triode FM 
front-end. Automatic frequency control and 
drift compensation; AFC Can be switched off. 
Cathode-follower output. AM whistle filter. 1 3 
tubes, tuning eye and rectifier. 
97-931. Net $166.50 

NEW! Scotch High-Output Tape 

MMM Type )20A Mogneiic 
Tope— provides 6- 1 2 db high, 
er oulpul, with no increase in 
diliorlion or noise ond no in- 
creoie in tape thickness. Output 
uniformity ot I kc does not ex- 
ceed ± V* db within a reel; 
± .5 db from reel to reel. Splice- 
free, ond "dry-lubricoted." 




No. 


Si» 


RmI 


Ml, EA 


12 or 
More. EA. 


96-S5S 


^411200' 


Std. T (2Vi' hub) 


S4.67 


».30 


96'»9 




Prol 7' (2%' hub) 


<34 


3.90 


96-556 




NARTB hub 


167 


7.W 


«'SS7 




NARTB rtfl 


10S7 


9.91 
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New, Sensitive 

FLUTTER METER 

First Aid for the sound engineer — the ACA 
Flutter Meterl Accurate, sensitive Instrument 
designed for rapid visual indication of flutter, 
waw, end drift content of discs (all speeds), 
sound film mechanisms, film recorders, ond 
magnetic wire and tope recorders. 

Three distinct and simultoneous reodings 
may be mod* of flutter, wow, and drift. 
Large, sensitive 4'' meter has three scales: 
0.3%, \ .0%. ond 3.0%, calibrated for flutter, 
Waw, ond drift readings. Accuracy within 2% 
of full scale volue, independent of wave-form, 
amplitude variation, hum. noise, etc. 

Flutter Meter complies with tentative 
standards set by Society of Motion Picture 
Engineers. Recommended for schools, lobs, 
broadcast stations, recording equipment 
monufocturers, and studios. 

Write todoy for circulor 5036 



AmPLIFIEA COJtP. Df AKERICA 

}tl tIMDWiT ■ HEW fOm )!. «. T. 



LONDON & PARIS 

(from page 40) 

circular staircase in a concrete tower 
so as to provide realism of sound effects 
when used in dramatic works laiil in 
castles or chateaux. 

ICclio chambers at RBC were rela- 
tively simple, but differ from U. S. prac- 
tice in that most of the studios had an 
echo chamber permanently assigned to 
them, and located adjacent so set-up 
changes could be made readily. New 
.switching facilities are being provided so 
that multiarm stepping switches will 
transfer all of the circuits of a given 
studio at the same time — simply by 
actuating one control button. 

Audio — and this certainly means the 
important part of radio broadcasting, lor 
it is the audio portion of the signal that 
is of interest to the listener — is no less 
ini])ortant in J'ngland or France than 
it is here. Were it possible for engineers 
to be exchanged for periods of two or 
three months between the broadcasting 
companies and between niamilacturers, 
it is certain that improvements would re- 
sult on both sides of the .\tlantic. For 
our ])art, we certainly would have liked 
to S])end much more time in both London 
and Paris, and to have been able to ex- 
tend the trip to Rome, X'ienna, Switzer- 
land, (jerniany, Xorway, Sweden, and 
Demnark. Perhaps next year — 



Positions open and Available 
PERSONNEL may be listed here at no 
charge to industry or to members of 
the Society. For insertion in this col- 
umn, brief announcements should be in 
the hands of the Secretary, Audio En- 
gineering Society, P. O. Box 12, Old 
Chelsea Station, N. Y. 11, N. Y., before 
the fifth of the month preceding he 
date of issue. 

^ Potitiong Open • Potitiont Wanted 

■f^ ICxGiXEER, for acoustic and audio re- 
search laboratory of progressive nianu&c- 
turcr located in pleasant New York sulair- 
ban area. ^Iust have good background, in 
loudspeakers, microphones, transducers, and 
physics of moving systems. Challenging 
opportunity and attractive salary commen- 
surate with expedience and past achic\e- 
nients Box 601, .\UDio Exci.vEERiNii. 

• College Senior, specializing in musical 
instrumentation, well grounded in physics, 
with cxiierience in many phases of the lec- 
ord pressing industry, the recording proce>s, 
and the construction and operation of audio 
and video cquipmeiU desires summer em- 
ployment from mid-June through raid- 
.Septenibcr. within Metropolitan Xcw York. 
Emerson Boardmann. 55,1,3 Whitty Lane, 
Brooklyn ,3, \. Y. Telephone: CL;ter 
6-6J14. 



GROMMES 

AMPLIFIERS 




Binaural Phonograph Records 



Model 210 PA niE-MMPLIFI iR 
itat.TitcABeairWMiL as 




PftrClSION FlECrRONICS, lie. 
sir Awniit, Fftimi M[. f. 



In response to many inquiries as to the 
availability of binaural recordings and the 
titles already recorded in this new medium, 
we arc pleased to list below the entire 
catalog available from Cook Laboratories, 
1 14 Manhattan St., Stamford. Conn. The 
reconling companies responsible for the 
originals are indicated. Most of these 
recordings may also be obtained from local 
audio jobbers. 

Inside Vienna — A quartet of two violins, 
accordion, and the zither-like contra- 
guitar with close microphone technique. 

Cook 102e-BN 

Fiesta Flamenca — Carlos Montoya ano four 
dancers, with castanets, heel and toe. 
clapping, etc. Transients distinctly domi- 
nant, motion of dancers evident. 

Cook 1027-BN 

Paganini Variation — Piano studies. Frank 
Clazer. Single piano. 

Polymusic 1036-BN 
Two Famous European Pianos — Ballade for 
Flute with Orchestra. Hindemith and 
Frank Martin, coupled for variety in 
modern music — instrumental and or- 
chestral on the same disc. The Hinde- 
mith employs two 13-foot matched 
concert grands. 

Cook 1037-BN 
The Pipe Organ in the Mosque. Parts I and 

II. Michael Cheshire. Theatre acoustics 
are recreated in the listening environ- 
ment. 32-cps pedal notes. 

Cook 10S0-BN, 10S1-BN 

Percussion and Pedal. Reginald Foort. BBC 
organist. Reveals the entire instrumenta- 
tion of the theatre organ, including bells 



62 



and all the percussives. 

Cook 10S2.BN 
Vienna String Symphony (Collegium Mgsi- 

cum Wien). Kleine Symphony. Opus 44. 

Hans Pfitzner, cond. 35-piece orchestra 

in Vienna Concert Hall acoustics. 

Audio Collector 1061-BN 
Hufstader Singers — performing madrigals 

and modern song in the Engineering 

Auditorium acoustics. 

Cook 1092-BN 
Voices from Vienna — 136 massed vdces 
sing with Orchestral accompaniment.; 

Audio Collector 1093.kBN 
New Orleans |azz — Wilbur deParis (Rjim- 
part St. Ramblers). Dixie, with shfarp 
division between ensemble and bras^ in 
auditorium acoustics. 

Atlantic Binaural 1208-,BN 
Masterpieces from the Theatre, Ocher.tral 
Society of Boston. Bizet: Introduction to 
Act I, Carmen; Rossini: Overture tr> La 
Cazza Ladra: Mendelssohn: Sch^'zo 
from Midsummer Night's Dream; ivon 
Weber: Overture to Euryanthe. 

Cook 2064 ^BN 
Moxart. Symphony No. 40 in C M 
Orchestral Society of Boston. 

Cook 2065 l-BN 
Masterpieces of the Dance. Orchestral iSci- 
ciety of Boston. Rimsky-Korsakov: D^nce 
of the Buffoons; Strauss: Emperor Waltj; 
Saint-Saens: Danse Macabre; Brartim: 
Hungarian Dance No. 6. I 
Cook 206€ 

The last three records listed may al 
obtained as normal recordings — that is 
binaural — by omitting the letters 
from the number. 
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'^"'liiiinii 



PRE-RECORDED TAPES 

worthy of your 

Hi Fi equipment 

listen to 

HACK SWAIN'S 

Super-Medley of 

"MUSICAL COMEDY 
HITS THRU THE YEARS" 

(positeevly no vocal) 
Technically perfect!* Rare renditions and 
arrangements on unique organ-piano 
combo that has made "Hack'' a popular 
radio program personality. 30 minutes of 
sheer |ov on 7Vi" 



list of other unusua 
lev's) for ONLY 



med- 



ity. i 
r 3H" Scotch. 
«AMPEX RECORDED! 

Sent postpaid (with complete ^ ^ ^ 

post 
paid 

Satisfaction guaranteed or your money 
back. Send check or money-order, specify- 
ing whether 33^ or 7'/2" is desired, 
TO 



p. O. BOX 2384-A 
SARASOTA, FLORIDA 



put 'er here, 

partner! 

J-L 




500,000 Mail Imxes in 
the United Stales are ymir part- 
ners in the fi{;lil against cancer. 
A conlrilmlion addressed to 
**(*an(*<'r"' in care of your Ineal 
pn>l office will lielp guard yonr 
family, your&elf and your cmn- 
nuinily. 

Next lime yoii see a mail hcix, 
"[tut "er there, partner!"' ... as 
peneroutty as yon can. 



AMERICAN CANCER SOCIETY 



Hi'rf i~ my <'nnlriliitli'in of $ 

in s-tiiiimrl uf lln; ('iiarer (IrUMide. 



Addrpss . 
City 



BOOK REVIEWS 

Snf.vh Rf.prodvction', by G. A, Briggs. 
Third cditiiMi. revised ;ind enlarged. 368 j 
pages, .115 illustrati^iiis. W'harfedalc Wire- 
less W'urks. Ltd., 1953. Price $3.50. (In 
L'. S.. Rritish Industries Corp.. 164 | 
DiKiiie St.. New ^'ork 7, X. V.) \ 

(}. A. Ilriggs has done it again, in giving 
us here a W\nk that will he invaluable to 1 
everyone seeking the ultimate in sound | 
reproduction from a home ninsic system. ' 
And in the telling, Mr. Rriggs has lost ' 
none of his inimitable style, for he is a man j 
pnssessed of the gift of GAH. 

Dividing into two sections, loudspeakers I 
mid recording, much of the fundamental | 
material on reproducers has appeared in 
earlier editions, but the new oscillographic j 
illustrations make this presentation more { 
interesting and informative. Mr. Hriggs i 
fjoes into many of the peculiarities ftf en- 
closures, roori acoustics, and the speaker 
nK'chani>nis themsclveSr Hut always there ; 
is the diagram to substantiate his premise. 

To this reviewer, the section on recording 
is less iiUcresting, not because of the mate- , 
rial which it contains nor its presentation, 
init because this is not the author's main 
Hair. Outstandingly interesting are the 
photomicrographs by C. IC. Watts on the 
relations between disc wear and stylus con- 
dition. It is signiticant indeed that in 
.\merica, where the amount of hi-fi appara- 
tus sold far ontdi>tances that of the British 
market, that no one has ever dared attempt 
such a book. I£very one of us is in Mr. 
liriggs' debt, and will be for a long time, 
for a careful folhiwing of his fundamentals 
will asMire the optinmm sound from a given 
speaker and enclosure combination. 

— B. Kcim 

I'-i.K(TKoiMrvsioi.nGir.\[. Tecii.mqi'e. by C. 
j. iJickinson ; vii + 141 pp. London: Illcc- 
tnunc Euginccriwg, $2.75. 

The methods employed in the investiga- 
tion of electrical phenomena accompanying 
b'nlogical activity arc quite similar in many 
rt.spects to those of the audio engineer, 
huleed. the trecjuencics of interest to the 
elcctrophysiologist cover the range from 
(I.e. to Ifl.OflO cps. Because the amplitude of 
tlie signals under consideration is of the 
order of 50 mv, and often less, the workers 
in this field have become quite concerned 
with such factors as tube noise, thermal 
agitation, and stability of circuits. 

Because of the low level of signal input, 
nuich emphasis is placed on the elimination 
of iu-phasc si.^nals ami for this reason dif- 
ferential amplifiers and methods of en- 
hancing signal to noise ratio arc shown. 

The author, a graduate of Oxf<ird Uni- 
versity, covers such subjects as power 
.supplies, voltage stabilization, eflTect of 
power supply impedance on low-frequency 
amplification, d.c. amplifiers, and low-fre- 
4|nency capacitance-coupled amplifiers. Als*^) 
of iiUerest are the sections concerned with 
I<ing-duration-sweep time bases, time 
markers, and methods of recording me- 
clianical movement and clianges in pressure. 
Volume, heat and light. 

The hook is a collection of accepted 
methodology employed by British investiga- 
tors and citations are made in the text to 
references in both British and .-\im'rican 
journals. Workers in the audio field will 
lir.d it interesting as a cross section of the 
■'.state of the art" in Great Britain and will 
find it especially vahiable as a reference in 
the field of h)w frequency amplification. 

— Ctillcn II. Miicf'Ucrson 



AMPERITE 

Stud la MicrDphanes 
at P.A. Prices 



' Ideal for 
BROADCASTING 
RECORDING 
PUBLIC ADDRESS 

"The uUimote in micro* 
phone qualify," $ay» 
Evan Rushing, sound 
engineer of the Hotel 
New Yorker. 

• Shouf right into the 
new Amperite Micro* 
phone— or ifond 2 feet 
oviroy— reproduction is 
always perfect. 

• Not affected by 
any cUmatic conditions. 

• Guoronteed to with* 
stond severe "knocking 
around." 




ftSLG-™ ahmt: 
flftHG-Hi-imp. 
Lijt ti2.Q0 . 



"Konlak" Mikes 
Model SKH, list $12.00 
iModel KKH, list $18.00 



Id »IOADWAT ■ NIW yOlK 11 H T. 

r«nn^: .Lllvt India Cunp.. Lid- !U) Kin* 9. W., THrAilo 




For the NEWEST in Hi-Fi . . . 
SEE LEONARD TODAY! 




Rf^DY NOW . . . 

THE NEW LEONARD CATALOGUE! 

Yes . . ■ featuring only the finest in 
High Fidelity, Radio, TV and Tape 
Recorders . . . presenting the great- 
est values you've ever seen . . . the 
NEW Leonard catalogue is ready 
now. A complete fully illustrated 
guide to High Fidelity, "Music of 
the Masters" is yours FREE! Send 
for your copy today! 

LEONARD RADIO, INC. 

Dept. AE-S, S9 Cortlandt St., N. Y. 7, N. Y. 
COrtlandt 7-0315 



AUDIO ENGINEERING 



JUNE, 1953 



63 



www.americanradiohistorv.com 




This is our 

CROUP SUBSCRIPTION PLAN 

You and your friends and co-worl(erf 
can now save up to $ 1 .00 on each sub- 
seripHon to AUDIO ENGINEERING. 
The more men in a Group, the more 
each saves. If you send 6 or more sub- 
scriptions for the U.S.A. and Canada, 
they will cost each subscriber $2.00, 
1/3 less than the price of a regular 
I -year subscription. Preient subscrip. 
tioni may be renewed or extended ai 
part of a Croup. 

AUDIO ENCINEERINC is still 

* The only publication devoted 
entirely to Audio— 

* Recording 

* Broadcasting aquipmant 

* Acoustics 

* Honia reproduction lystams 

* PA systems 

* riychoacoustici 

(Pl«a*e print) 



Nana . 

AiMrm 



Portion Company 



Nam* 



PalMien Company 



Nam* 

Addrns 



PoaHlen Company 



Nam* 

Addrm 



Pocitlen Company 



Nana . 

AddraM 



Po<ltlon 
Nam . 



Company 



Petition Company 

Add $.50 to each Foreign subscription 



RADIO MAGAZINES, INC. 

P. O. Box 629, MineoU, N. Y. 




A MONTHLY suuMART of product develop- 
ments and price chanKes of radio elec- 
tronic-television parts and equipment, 
supplied by United CataloK Publishers. Inc., 
110 Lafayette Street, New York City, pub- 
lishers of Jtadlo's Master. 
These Reports will keep you up-to-date in 
this ever-chanKinK industry. They will also 
help you to buy and specify to best advantaee. 
A complete description of most products will 
be found in the Ofhcial Buying Ciuide, Radio's 
Master — available through local radio parts 
wholesalers. 

Miscellaneous Radio. TV. and Electronic 
Parts 

AMERICAN PHENOLIC -Tcmpitnirily ilitcoiiIiiiiiHl remoif 

ntill tcl u irt .\<i. 1 4 -3 1 IJ I 1 IKI I . U -If 1 *! I 500 ) . U 
iiiiiiM . l>iM-oiitiiiiii-il renuilo nintrul uiro ,\o. 

l-l-;{|7: twiii-U-ad irunsmissioii lint; So. U-^tlS. 
BARKER & WfLLIAMSON--niMi)iitiiiiii-il iiKliirt'ir niiiliri.il 

<-ri!inu-lwi wire Nn. 3905. No. 3906. No. 3!<07, 
ERY SALES- -Aildfil Iiisulaletl terminal strips No. TiilA 

iU net: Ni> T:;2 at $3. no mt: No. Tli.'- Jit 

JJ.lii net: So. at $2.10 m-t; No. f-'O at $LMO net. 
JOHNSON CO.. E. F.- -nKnmtiiimd cor'I'tJrMcId uire No. 

144-;!4S: .\o. 144-:i.-.ii: No. 144-:{r.J. 
MALLORY & CO.— .\o. lifidfl MldKetroI TMitrol Kit 

at JlTi 60 HIT iMreji'iwI jirices on vibrators So, l.'i!" 

I'l $i;.!*2 iRt: No. HSSy to J2.94 net; No. (.;s:4 to 

$i;.l'4 lU'I. 

OAK ELECTRONICS— .\(Med 4-uay nniitiiiiiriiose suitrli a 
JO.DO net. 

OHMITE MFG. CO. Added Type ABtSlwk No. cm 2- 
uiiti nxililt'il (■imi|iii->itiiin jioti-niiomfter at $4.20 tii-i 

VARI CORP.— Added Model IMIS-B Vari-Hot etceirii- 
siililirinu iniri at $:.::> l»lNCiintiniii-il .Model iMI.'i A 
Viiri-lliil elerlrie Mihlrrinu Irnn. 

Recording Equipment. Speakers. 
Amplifiers. Needles. Tape. etc. 

BOGEN CO.— AdilctI: Model IHnY liiuh-imjudanee niii|>lifl>T 
Hilh t)iri-e-<-|iinl |ihoiKiur.i|))i at $1 IIJ. I't iii-t : Mmlcl 
II1..MIY liiu -jriiinKliiiiri' ainpllfler with llirH'-spffd plnMio- 
Urapli :it $117 1)11 m-l : Mmlel KCS eitriu-r baffle fur 
N|ii-aker ill $7.riii nei : Mmlel Kl'12 eiirner baffle fur 12" 
■■jieakvr at $7.ri(i m-l : .MihIcI ETliI thrw-.'jpwd traiiMTip- 
tliiri iilii.M-r at $74.25 net. 
BROWNING LABS.— .^dded .Mmlel RJ-42 F.M-AM tnruT at 
I $ir.t;,.>ii net. 

DUOTONE CO.' -Ailik-d r>iliiniliia n placiriii-Tit needles So. 
;U'>U at $l.7.j net; Nn. ;i60li at j;U.no net. 
\ GARRARD SALES -Aildtil Moilel T thrM-si>Fi'd manual 
I \)\ayvT at $2.'t.!jj net. hlscoiiiiitned Miidel M tliree'>|>eril 
I manual |ila.vi'r. 

I MILLER CO., M. A. — Added a riiinikT nf new rei>Iaee- 
nii'tit nff'ille< fur Ameriraii Mieropliinii-. Andnk, .Vstatic, 
' CeiiiTal Klectrif, Magnavox. KCA, Webster Kleetrie. 

' REK-O-KUT— lihenntlnned Model TIC-12 dual speed ree- 
onlint; mrntable. Inrn'a.seil jirin-;: Mmlel 1.1'- 7 43 itiree- 
sr'eeil triin-.fripiiiiri turntable tii 55!'..'.0 net: .Mmlel 
j r-43-r tliree-8p*-ed rec-onl pla>*er to $l"l".ri(.i net: Model 
I r-43-M three-s|M'eil remrd player to $l(i4.50 net; Clial- 
leiiuer Helnxe disc renirder to $4 5!i.!';» net. 
STEELMAN PHONOGRAPH & RADIO IMseuntiiined: MmH 
3|i4 three-s[>ei'd pnriahle phimogruph; Mmlel 3KT2 
tniiiM-riptiKii r'la.vvr: Model HKl tbri-e -speed electrie 
portable pbnnoi;ra[ib; Model 3R1'2 radln-pbtiiiograpli. 
WEBSTER ELECTRIC - lncrea.<ied prln's on public addre'^s 
amiilillers Mmlel S1-I5 to $74.25 net; Model 82-25 to i 
$811.2.". net. ^ 

Test Equipment 

JACKSON ELECTRICAL INSTRUMENT - -liiNcnntiniied Mndet 
)'i48'r d.\namie tiilte fe^ter uitli cniinler Itabc. Increaited 
prires: .Mmlel fi4s-H lienHi type steel ciiNe il.inainic 
tube te-iter to $l<P4..'in net; Model CIUS fonnter-l>nte 
for <l.\-tiunilc tiilie tester to $K..')i net: M*»del 64f-l' 
purlable teller in umHleri can' to |in!i 50 net. 

SIMPSON ELECTRIC -hiNcnntiMiK-d Model 2M T.ieiiiim 
tube viiltineter. InereaNCil i>rii't"^: .Mndel [Ui'.i vactiiim-tiilK- 
I'llt-ohninieter to $<1S.00 net. 



ADDITIONAL CLASSIFIED 

KiUt S.M.K : Mcltilnsh rmVJ JiitiplimT. .?l!Mt : 
.\1]L*A |ueaiii|ilirter lunl equalizer lor Mpliitush 
.St-'i; Lrcds & Northrop (Iccadc resistimcf Imx. 
n to iHUt.it ohms in i/lO-ohm .steps. .*l*4 : I'llm 
AK-SL'IA 1-\M-AM tun<*r. ?70: Klipschorn Imnl- 
spojikor. .SHOO; (iroiiiiiu's Ifl-wiitt basic iiiiipli- 
Her. $-4: Ilondikit A-K pcnerjttnr. sine aiul 
square wavi'. 20 to 20.000 cps. very well con- 
si riirt oil. .¥21. AVrito for full details : .Iiic 
llolziiiiiii. 1S!1 \V. lOth St., Xew York 14. 
N. Y. riione Oil 5-7137. 



CLASSIFIED- 



Ritfli: lOc p«r »ord per iiuertioa for noncommfln 
advert Itwnenti; 25c per »ord for commartlal adv 
tlHmenlt. Ratai art net. and no diteaunti will 
allowed. Copy muit bo aecompanifld by romittaBco 
full, and muit reaoh tho New York offico by 
first of tho month precoding tho date of liiuo. 



TIIK Arniu KXi'llAXtM-:. INC. hiiy 
st'lls ipiality liiirli-titleliiy .>4iniiMl .syst<'iiis 
riiiiipoiioiits. <iii:ii-:iiiti-oil nseil iiiiil iio\v ec 

1 II. <'iiinlngiH>. I >ept. J]. I.'i!) 1!) llil 

Ave. .I:iiiiiii<:i 32. N. Y. T<'lephiine (H. x-0 

SiK?< i:il I'lit-kage I'iir<'liase : Ampex port 
recorder. -400A series. 5U-watt Melnlosh ai 
tior. ICIi-etro-Viiir)' (»5<i mike with stiitul 
ir>-in. l^ansing siienkers, reniioflux h 
plumes, iill for .<1200. Mr. J. Koss, 
7 ."iriitT lietwe<'ii U I'Mi :iii<l r» ::iO, 



IMSIAI, oi'I'iHtTl'MTV l-'( H£ .MAN 

ka<;ti'|{KUs- i£i:ritKsi:NTATivi:s a 
* 'u .\ I .\ 1 1 N n ■ A T In \ 1 n: A m: I J .s 

Well known, loiit; estiihlislu-il loiiih'r in 

iniinufiii't lire of einiiplot >iiiiiiiiiiii-iit 

eiiuipmenr oflfors wide-iiwake, ngKress 
iiiiiiiiiriM-t nrers' represeiiliii ives ntnl ei 
niiiiiieiitioti (h'lilcis nn exci'lloiit opi 
tiinity to liJitidle a new, eoinplrte liiii' 
iiioileni ititereoiiiiiinnicatinf; systt-nis. '1' 
line will be bjirkeil by a hard-bitting 
vt>rlisin;;. siiles prornnUon and ptiblie 
proKi'atii. nsin^' lojiding nnlioiutl eonsuir 
ntid irade imhlirnt ions. Tlie eipiiiiiont 
till' most np-li)-date and eornpleie tl 
money ean buy. yet will sell in an attr; 
tive priee raiip'. rnliinitcd earniiii: pott 
tials for (inalified representatives 
dealers wlm have solid established repu 
tiotis in this or sitiiilar fields. 

Senil resume of qnalitirationn niid 
porienee to I'.ox CIC-l. Al'niO Iv.Vf i INKL-. 
INtJ. I*. (>. l:ox d2P. Miiii'olii. X. Y. 



I use i£E<'OKrnN<; sKitvu'i-: 

IliBliest niialily discs cut from your taj 
rt'cord. all sizes, all spei-ds. I'rire. lO-in 
ri'C'ords. $2.2."». Also monitoring ofT-tli 
!nul reeordiiif; on loeation. ITnifa. Inc. 
i;'.r>tli St.. Kew tiardi'iis. N. Y. l.It:f;oit 4-1 

WANTKI » : I'l ej-to f.X or cMnal. I >i' 
coiidilioii. u'vi' best price. Chief Mniril 
WIluT. South i:cnd. Indiana. 



SAVK YuCltSKIJ' plenty on all new 
fideliiv eiinipment. Write for detnils. 1 
<;iiild. -M-C (Jrove St.. Xew York 14. X. Y 

I'OU SAM-: : Atiipex 400 dn!il-tr:irk 
recorder, ceit i ticati'<l by distributor. ^ 
i^b'ctro-Voice t»3.' mieropbone and Jiceesso 
s::0 : six m in. .NAM n-els Scoteli IIIA 
(wo eniptv reels. fZr>: University 4410 c 
liver, dtm-cps. \V. I>. Little. riK44 Ital 

Dr.. Iiidinmipolis 20. Ind. 



\\'AXTKI> : Complete hi-li outfit- - tijpr 
;iiiipli(ier. cbanf:er. etc. 1 'refer * ■raftsnn- 
eijiiiil. ) Jeorpe Weiitz. Itox 2d, San Mji 
Texas. 



AI.I.Ii:i> overhead lathe and tiiriit le. 
perfect condition, willi new oversize 11. 
synchronous iiiot<n' and mercnry -"witi 
I-;iireiiild .''i42 arm with 2.r» mil dijimond ir- 
tridce mounted in <'xeeptionally sturdy vui an 
pivwood console ejibin«'t. I'sed less tlni 
.vear. .'(.'i.'iO. Atiipex 4tn. nscd 7 months. tb 
KCA 7711 niike. in pi-rfert condition, cite 
by distributor. .*7!»0. nriginnl owner b-il nt: 
count rv .liilv 1st. Xew Y<n-k area onlv. 

p,iuts7. liox'cK 2. Anno i:X(ii\i:i:KiN 



roi£ SAM-:; Never used. .Meliitosli 2 
with C-104. S^lSr*. Itrowiiinf; I£V :U. 
Csed one m<intli — Altec (iOlA. .*7S : It-I 
closnre K 12-.M. .?:ill. Win. l>oiiKherty. :'.7;f 
I'erey Sr.. I'hiladelphia 4i). I'a. 

KlXKST IX ri/riiA-I.lXl-:AK WTI-I-IAMS 

AXI) CO.MPI.KTI-: SYSTK.MS 
Xiccly Associates Kenton. 

lUSCorxT on fnctory-fresb. siii 
Iced I.r record.". Send for frei- catalop 
literature. SorTMWKST UKCt Htl) SA- 
liept. .\K. 4710 Caroline. Honston 4. Texna. 



Kh 



nd 



SAI.I-: or TltAI>l-: — I'airchihl r»4IAl cutter, 
eiinalizer. micr<iuroove tbeinostylns attach- 
in,., its — for lliekok 2SSX. l!ox 101. St. Albans. 

>:. V. 
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78 RPM MICROCROOVE 
for Hi-Fi Fans 

From the famous 
JUMP Records' library. 

Critics and sound engineers believe this is 
the ultimate mechanically. 

10" Record — $4.00 — including tax, pack- 
ing, shipping and complete technical data. 

Money Back Guarantee 

No COD'S 

Order from 

The TURNTABLE 

p. O. Box 622 
Hollywood 28, Col. 




»o o 

from America s 
most advanced 
Hi-Fi studios 
Come in or write 
for your copy of 
"Sound Advice' by 
Irvine Greene. I J4 
pages of vital Hi-Fi 
data . . . U s FREE' 



AscQ Sound Cdifohtidn 

Hi WEST tStH STIEET, NtW XOK 36 



l*ROFESSIO!¥AL 
DIRECTORY 



Custom-Built Equipment 

U. S. Recording Co. 

1121 Vermont Ave., Washington 5, D. C. 
Lincoln 3-2705 



^EVERYTHINC IN HICH FIDEL! TIT' 

Fran Primiij Csmpqnenls 
te CtrnitlelHl Custnn Audio Equipment 

KIERU0F 

i^lxr Sound Corp, 

iia WaatOliriiipie Bw. - Les Ampltt 15, Calif, 
H\tmtmiJO!Jl I£nltti027l. 



i 'iiiiiliiiH'd iipt'i-ai ioTis of Triad Trans- 
former Manufacturing* Co. and Tetrad 
Company, Inc., lioth of \'ciii<-e, Cnlif., have 
Ikm'I) riKM'Kfd undtT rnrpni-iilf name of 
Tetrad Transformer Corporation- -otTi<-t-rs 
ai'e W. Howan], iii-esidcnt : ( i. I). I'frry, 
cxi'.-ulivf vict'-iiresidciit : Thomas I'. 
Walker, vire-in-esi(k-lit ; Allah WahlKreii, 
seereiii ry-l Tea surer ; ".leoi-^ie ( 'lark, assist- 
ant to the president; l-^niest ('lover, inaii- 
at^er of joliher sales: and Charles Shaw, 
direi-tor of purihases . . . Koiii-tli store in 
Arrow Electronics chiiin was r.pened May 
1 at Hempstead, N. Y. will lie managed 
hy Fi n Ilk ( la 11a filler. 2ri-year Veteran in 
the ele. tronics fiehl. 

.\lareli 1 ;> niarlstd stai't nf prodire'.i.iti in 
International Resistance Company's new 
Asheville, N. C. plant -facilities will I.e 
niider management "f H. .1. Met'airlly, for- 
merly iiir oflirial in IBC's lioine plant in 
I'liiliidelphia . . . G 8e H Wood Products. 
Inc., I3rooklyn, N. V.. is newest nillinrfae- 
int'iti^: lieensee of Klipsch 8c Associates, 
Hope, Ark., — spoakei" etielosnres will he ad- 
x'ertised and pronn-ted as the Klipsch 
Rebel IV hy Cabinart, O ft H's hi-fi trade 
name . . . .N'ew midwestern representative 
foi- Brook Electronics, Inc., l-:ii'/al)et h, 
.\'. J. is Ray R. Hittmacher Associates, 
Inc., I 'hiejiK'o. 

The Turner Company, < 'ed:i r Itapids, 
I o w:i , and Pickering' ft Company, i teea n- 
side. X. Y., hot h ent .-i-tained \ isit inn 
pronp of I'^ui'opean iridiisti'ialists ii this 
I'ouniry on eoiuhr.-tetl tour niulei- auspiees 
of Ad. Auriema, Inc., New Vork, export 
representative for nioi'e t lian 30 t*. S. elee- 
tioiiir eMtiipment mn ii u f :i .-t irrers . . . Am- 
pex Electric Corporation has eompieted 
arrangements with Magna Theaters nnd 
Todd-A-O Corporation to develop nnd 
mnnuf.iet ure speejal stereophonic sound 
r'»]uipment for nsp with new Todd-A-O 
system .»f wide-seieen movies . . . Sun 
Radio and Electronics Co., Inc., relehrated 
open lilt: of new lir-adi|n;irters at t-.*i<i rtth 
.\ve.. .New Yr.rk. .\piil IT will bo known 
MS ■"Ameriea's first eleetionie sirperninr- 
ket." 



OfuJUi^i^ PecflU ... 

Robert Zi. Stephens, president, sieidiens 
.Manuf;iet uring < 'oi pora t ion. <^ul ver i 'it v, 
I'alif., aniioutH'es appointment of Steve 
Van Roekel ;is Reiiern I sales manaRer-- 
eonies tn new post front ( unahn,, .Nel>., 
where he owned Alidwest .^ound Companv 
. . . Dr. Burton Browne, head r»f Burto'n 
lliowne Advertisinp, ChieaSTo, hack from 
speeial cruise to Pearl Harbr)r as civilian 
puest of the .Navy department . . . Peter 
Zi. Jensen, piesident, .lenspn In dust lies, 
honoi'ed with luncheon at rhicafrri's .Mer- 
chandise Mart by Klectronic Tarts .V- 
KM"i|niient manufacturers for eont ribu- 
tioris to the industrv. 

Albert T. Watters, whose first job with 
K('.-\ was as spot welder's attendant in 
I !';!.». has been elected vice-president in 
clu'irne of personnel ..f UCA Vict.-r Divi- 
I sion . . . Bemie Cutler is new addition to 
I sales staff of Adolph L. Crr-ss Associates, 
I lie-., .New Yoik Manufacturers' ri-p . . . 
M. M. Newman, pcrieral manaper. Kadio 
Shack Corpoiation, Boston, announces jui- 
ditioii of three new members to er.inpanv's 
stiiff Alton B. Eccles, who will devote 
efforts to industrial .sales ami market 
analysis, and William C. Allen and Frank 
Dupllssa, both of whom will work in ad- 
vertisinp and sales pi-omotion. 

T. Sumner HaU, lu-esident. ap:s, hns 
ent ire indust ry s best wishes foi- rapiil 
reeo\eiy from pninful hr>spital siepe , . , 
Jack Kams, executive vice-president. Itec- 
oton f'oi'porat ion, .New Yrn-k, announces 
advancement of Barney Edwards to na- 
tioiial sales mnnatrer. ;ind Hank Miller and 
Vic Smiley to inanat:er of sales for Mid- 
wt-Kt and Pacilic rViast, respectively . . . 



In Southern California it's 

HOLLYWOOD ELEQRONICS 

(in The Audio Mile) 

Distributors of Hi Fidelity 
Components Exclusively 
Webster 3-8208 
7460 Melrose Ave. Hollywood 46, Colif. 



FOR YOUB HI-FIOELITY 
REQUIREMEMn VISIT OUR 
NEW SOUND STUDIO! 

OLYMPIC ELECTRONICS 
SUPPLY 

Vhtitf. HOHi-wani 4.*144 



\^-trm.^Ci> EASY-HANDLING 

MAGNETIC TAPE REELS 

Precision monufaclured in occordance 
with ihe exocting standards set by the 
N.A.>. 



5- t"'"""'""'" 



tape reeis storage cans and shifpinc 
Cases for every psofessionai require 

MEnT AlWAVS IN stock 
Writt foi ilti(Titiliit liltTjIurt tind firite Hit 

COMPCO CORPORATION 

\l lilt I iituri ■ • -I fiui l>roJucli far the Audio- 

I iiuji industry, 
2251 W. St. Paul Ave. Chicago 47. Illinois 



Altec — V-M — Brook — Bell — Jensen 

i TEXAS-TV 

' "Southwest Sound Hq." 




A corner of one of the Texas-TV air-conditioned 
Hi-Fi demonstration rooms In which all major 
lines of sound and recording equipment ean be 
demonstrated "at the flich of a switeh". 

WEATHERS FM PICKUP . One- 
gram stylus pressure eliminates record 
wear. 20-20.000 response with negligible 
distortion. Supplied with oscillator deliver- 
ing .5 volt into high impedance. $37.50 
"HOME MUSIC SYSTEMS" ... New 
book by Edward Tatnah Canby explains 
Hi-Fi. recommends brands & models, tells 
how to tost and repair equipment, build 
baffles, install units. Gives list of nearest 
dealers. ^5 

HORN LOADED SPEAKER KIT . . 

by Cabinart. Cain a full octave of smooth 
bass. All panels pre-cut and sanded ready 
for finishing. Kit includes everying needed. 
For 15-inch speakers $23.95 . . . 12-inch 

$19.95 
SAVE— We Prepay Between 
Alleghenies & Rockies 

TEXAS-TV 

506 W. Hildebrond Avenue 

San Antonio 12, Texas 

Clarhttan — University — Ampex — Cabin 
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SOUND WITHOUT FATIGUE 



, , , with the 



HARTLEY 215 

LOUDSPEAKER 



A loudspeaker converts eleolrioal iiiipiilsrs inli) sound energy. 
Any sound contributed by tbe speaker itself appears as ilistortion. 
While tbe ear eannot be relied upon for accurate nicasurcnicnts of 
distortion, tbe reaction of tbe bunian car and nervous system to such 
ilistortion is unmistakable. This sensation is known as listening 
fatigue. 

\* licn audio enthusiasts say that the ten inch HARTLEY 215 
sounds smooth anil natural anil can be listened to for hours, they 
mean that il docs not pradiice fatigue. Instrument uieasurcincnts 
confirm the 2I5's remarkable freedom from resonant peaks and 
other forms of distortion. It reproduces music and speech with life- 
like realism, and without imposing upon the listener^ an awareness 
that a loudspeaker is in operation. The Hartley 215 is priced at 
only $57.50. 

HnrllpY I'roiliicis are now arailablr in .tnierira 
through franchised Hartley ilralprt. 

For complete information regarding ihe liarlley 215. and the 
ni w Boflle Speaker Enclosure, Preamplifier, and Main Am- 
piilier, write lo Department AE-6 

I'rices slightly higher Test of the Korhies 




A. HARTLEY CO 



I N C 



list 162nd Street, Bronx SI. N. 



IN ORDER TO FIND IT- 
WHY NOT BIND IT? 

Your reference library of AUDIO ENGINEERING can be up-to-the-minute 
by keeping your copies in an AUDIO Binder. 

APPEARANCE . . . Your den, workshop ... or wherever you do your experi- 
mentation can be kept in "apple-pie" order when all your copies of 
AUDIO ENGINEERING are within easy reach. The deep, blue cover 
will harmonize with any color scheme and ... in addition, the backbone 
will be gold-stamped with AUDIO ENGINEERING and any year you 
specify. 

CONVENIENCE ... No more wondering what happened to last month's issue 
... or the month before . . . )ust reach for your Binder and no time is 
lost finding the information you need . . . AT ONCE. 

WORKMANSHIP . . . Dupont Fabricord . . . stainproof and washable . . . rigid 
backbone with bound- in metal support . . . center channel to keep 
magazines securely in position. 

COST . . . For only $2.75 you can have this handsome binder for your ready 
reference.'' 

'■' (Foreign orders add SOt* per binder) 

Audio Engineering 

P. 0. Box 629, Mineola, N. Y. 



Enclosed find S 



for Binders 



Name 
Address 
City . . . 



Zone State 

Year Wanted □ 1951 □ 1952 □ 1953 □ 1954. 
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E S E ARE 



R E 1\ S O IV S 




WHY 



DMMEM 




I S T 



LEADER I 



AUDIO ATTENUATO 




WOR^rS iARGEST MANUFACTUREi; aF fTTEN^ArOi» 
f85 Central Ave.„ Njewark 4 N. X 



w.amedcaoradiohisiflfv.cgrri 



UITRA COMPACT UNITS... OUHCER UNITS 

HIGH FIDELITY «... SMALL SIZE . . . FROM STOCK ^ 





UTC Ultii compact audio units are small and light in weight, ideally suited to remote amplifier and 
similar compact equipment. High fidelity is obtainable in all individual units, the frequency response 
being ± 2 OB from 30 to 20,000 cycles. 

True hum balancing coil structure combined with a high conductivity die cast outer case, effects good 
inductive shielding. 



Type 
No. 


Application 


Primary Impedance 


Secondary 
Impedance 


List 
Price 


A-IQ 


Low impedance mike, pickup, 
or multiple line to grid 


50, 125, 150. 200 250, 
333, 500 600 ohms 


50 ohms 


S1 6.00 


A-tt 


Low impedance mike pickup, 50, 200, 500 50.000 ohms 
or line to 1 or 2 grids imultiple alloy shields for low hum pickup 


ts.oo 


A-12 


Low impedance mike pickup, 
or multiple line to grids 


50. 125/150. 200/250, 
333, 500/600 ohms 


80,000 ohms overall, 
in two sections 


16.00 


A-14 


Dynamic microphone to one 
or two grids 


30 ohms 


50,000 ohms overall, 
tn two sections 


17.00 


A-20 


Mixing, mike, pickup, or mul- 
tiple line to line 


50, 125,150, 200/250, 
333, 500 600 ohms 


50, 125 150. 200^250, 
333. 500/600 ohms 


16.00 


A-2t 


Mining, low Impedance mike, 50, 200 250, 500'600 200, 250, 500/603 
pickup, or line to line (multiple alloy shields for low hum pickup] 


18.00 


A-16 


Single plate to single grid 


15,000 ohms 


60,000 ohms. 2:1 ratio 


15.00 


A-17 


Single plate to single grid 
8 MA unbalanced D.C. 


As above 


As above 


17.00 


A-ia 


Single plate to two grids. 
Split primary. 


15,000 ohms 


80,000 ohms overall, 
2.3:1 turn ratio 


1S.00 


A-19 


Single plate to two grids. 
8 MA unbalanced D.C. 


15,000 ohms 


80,000 Ohms overall, 
2.3:1 turn ratio 


19.00 


A- 24 


Single plate to multiple line 


15,000 ohms 


50, 125, 150, 200.'250, 
333. 500 600 ohms 


16.00 


A.25 


Single plate to multiple line 
8 MA unbalanced D.C. 


15.000 ohms 


50, 125, 150. 200 250. 
333, 500/600 ohiTS 


17.00 


A-26 


Push pull low level plates to 
multiple line 


30,000 ohms 
plate to plate 


50, 125, 150. 200 '250, 
333. 500 '600 ohms 


16.00 


A-27 


Crystal microphone to mul- 
tiple line 


100,000 ohms 


50. 125/150, 200 250, 
333, 500.'600 ohms 


16.00 


A.30 


Audiochoke.250henrysrti 5 MA6000ohmsD.C.,65henrys f" 10MAl500ohiisD.C. 


12.00 


A 32 


Filter choke 60 henrys w 15 MA2000ohmsD.C., IShenrys fri 30 MASOOohmj D.C. 


10.00 




TYPE A CASE 
l'/2"x1'/2"x2" lii 



UTC OUNCER components represent the acme in compact quality transformers. These units, which weigh 
one tince, are fully i-npregnated and sealed in a drawn aluminum housing Vt" diameter ... mounting 
oppo5»e terminal board. High fidelity characteristics are provided, uniform from 40 to 15,000 cycles, 
except for 0-14, 015, and units carrying DC which are intended for voice frequencies from 150 to 
4,00C cycles. Maximum level 0 DB. 



OUMCER 
CASE 

' Dia « I'/e" 




Type 
No. 


Application 


Pri. Imp. 


Sec. Imp. 




List 
Price 


0-1 


Mike, 
1 grid 


pickup or line to 


50. 200/250 
500.-600 


50,000 




S14.00 


0-2 


Mike, 
2 grid 


pickup or line to 


50. 200. 250 
500.600 


50.000 




14.00 


0-3 


Dynam 


ic mike to 1 grid 


7.5 30 


50.000 




13.00 


l>-4 


Single 


plate to 1 grid 


15.000 


60,000 




11.00 


0-5 


Plate 


0 grid. D.C. in Pri. 


15.000 


60.000 




Jl.OO 


0-6 


Single 


plate to 2 grids 


15,000 


95,000 




13.00 


0-7 


Plate 
D.C. 1 


0 2 grids, 
Pri. 


15.000 


95.000 




13.00 




plate to line 


15,000 


50. 200 250. 500 600 


14 00 


u-o 




0-9 


Plate to line, 0.0. in Pri. 


15.000 


50. 200 250, 500 


600 


14.00 


O'tO 


Push pull plates to line 


30.000 ohms 
plate to plate 


50. 200.-250. 500 


600 


14,00 


0-tt 


Crysta 


mike to line 


50.000 


50. 200 250. 500 


600 


14-00 


0-12 


Mixing and matching 


50. 200 250 


50, 200 250. 500 


600 


13.00 


0-13 


Reactor. 300 Hys. no 0,0. 


50 Hys. 3 MA D.C, 


6000 otims 




10.00 


0-14 


S0:1 mike or line to grid 


200 


V2 megohm 




14.00 


0-15 


10:1 single plate to grid 


15,000 


1 megohm 




14.00 




ISO VARICK STREET • NEW VORK 13. N . V. 
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